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ABSTRACT 


The purpose of the study was to attempt to under- 
stand the process of implementing a microcomputerized 
Management instructional system in elementary school 
mathematics. Based upon an instructional data base 
consisting of a hierarchy of objectives for each of 
the four computational operations, a CMI system was 
designed and authored for the Apple II Plus micro- 
computer which afforded comprehensive manipulation 
of data for instructional decison-making purposes. 
The nine week study, undertaken in seven classrooms 
spanning grades three to six, revealed the relative 
importance of confidence-building and routine, mech- 
anical usage of the innovation upon the degree of 
incorporation. The confidence of the teachers was 
dependent upon a motivation to participate, the re- 
liability of the innovation, an awareness of the 
program's capabilities, a conceptualization about 
who should use the program and how that use might 
best be organized, and the availability of, and 
accessibility to, a consultant. The second theme, 
the accommodation or establishment of the innovation, 
was at once the means of producing, and the product 


of, the growing confidence that the participants 
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felt in themselves and the innovation. The estab- 
lishment phase was dependent upon the availability 
of the computer, guided by the need of the teachers 
to use the management components of the program, 
and illustrated by routine, democratic use. The 
third dimension was the incorporation of the in- 
novation into the instructional strategy of the 
participants, a lock-step sequence of uses that 
grew in sophistication from the assigning of ob- 
jectives to the grouping of students based on 
achievement. The themes are represented in a 
three dimensional model of implementation which 
conveys the interrelatedness of the categories of 


One dimension with those of the other two. 
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1. A model of Computer Managed 
INSteuctionawLthin pche 
MIStELUCTIONd cycle: 


2. *A model of the roles of the 
teacher, student, and 
computer in a Computer 
Managed Instructional 
SyYStem. 


3. A model of the implementa- 
ELONSPEOCESS efor a 


Computer Managed Instruct- 
ional system in elementary 


school mathematics. 


Page 


aya 


a aes bh 


oe 4) 
~dun Steat Eat " hai 
en a eliws 

2 Faysaser lonsdsas 


the jnature Of manic interaction withemachines 
has been revolutionized by the development of computer 
technology. The pervasiveness of computers means 
that we now encounter them in almost every aspect 
of our lives. The implications of computer technology 
for education, however, are still in what may be 
described as a formative stage. We are in the 
position of being able to identify the potential of 
computers for education, and the means and methods 
by which we might incorporate this technology into 
teaching, Rather than reacting to a given state of 
affairs, we have the opportunity to determine the 


nature and direction of computer use in the classroom. 


The growth of computer technology in both elementary 
and secondary schools has been phenomenal, yet 
continues to accelerate aS more capable and less 
expensive technology becomes available. Estimates 
of this growth have invariably underestimated the rate 
of incorporation and the types of applications. 
While the implication for educators is to somehow 
Manage a veritable revolution to maximize the potential 


of the technology for the benefit of both students and 
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teachers, the difficulty arises, however, in the 
possible uniqueness of the implementation of a 
technological innovation as opposed to a "paper" 
one. Such a fact, which has only recently emerged, 
Louperhaps. .cruchalwtoethe Dtuture, plansatonuthe 


incorporation of computer technology into education. 


PURPOSE ¢Oke THE solUDy, 


This study is an attempt to understand the process 
of the interaction of man and machine, specifically, the 
use of microcomputer as an aid(e) for the teacher 
in the daily management of elementary school math- 
ematics instruction. The study focuses on the design, 
development, introduction, and the implementation 
of a computerized management system into seven 


classrooms spanning grades three to six. 


OVERVIEW. OF .THE «Ss TUDY 


As an account of the implementation of an 
innovation from the perspective of one who was 
at the same time the creator, author and implementer, 


it is imperative that the assumptions and specifications 
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of the innovation, the background of the researcher/ 
author/implementer, and the nature of the research 
design constructed to make sense of the process 

of implementation be clearly outlined so that the 
interpretation of the data can be undertaken in 
ProperecontextemmAccendingly, schapterviwundeals 
Wiehpehe backgrounds tosthewstudy7aspecisficalig? 
the instructional cycle for which Computer Managed 
instruecione (CMs eisamostyappropriateretherconcept 
of CMI itself, the process of implementation, and 
the research methodology employed. Chapter III 
ishatdescraptionsofrthesevolutionto£ thesresearch 
desionynincludingéthescurriculumeandsprogram 
development, the research setting, the implementation 
strategy, the role of the researcher, and the 
datarcollection: BChapterelVidealsawithtthe inter= 
pretation of the data: andsthevypresentation of\ the 
model of implementation which I feel captures 

the essential themes which were at work during the 
Studymenchaptesavy,s includes aksummany obethe study 
andkaedl Scussiongotytherfindings;awiite Ghapter Vi 
outlanes thespossibletimplicationsefonuresearchers 


and educators, and presents a concluding statement. 
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CHAPTER TWO 
BACKGROUND TO THE STUDY 


Analagous in many respects to the concept of 
figure and ground, the research study which slowly 
emerged from the context was a fusion of elements, a 
combination of attitudes, interests and assumptions 
unigue to this researcher. It was very much a product 
of my five years teaching experience in the primary 
grades, an experience which nurtured in me the belief 
that the essence of teaching is the personal interaction 
between teacher and student. It was a function of my 
interest in, and awe of, the phenomenal growth in the 
Capacities of microcomputer technology, a veritable 
bottomless well of aps Laat TRE educators just waiting 
to be tapped. And it was the assumption that the best 
use for this technology lie in relieving the teacher 
of the more routine, mechanical functions which demand 
SO much time andee: fort... Thus,ethesscnecitic character— 
istics of the study were determined to a large extent 
by my aim.to integrate computer technology into, educa- 
Pion, wwilth. thesdoal oteenhancing ene daily 7 ,ourine. oF 
teaching to permit more personal interaction between 


the teachers and students. 
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While the general nature of the study (the context) 
was quite firmly established before the study was de- 
veloped, the form and substance of the study (the figure) 
grew as my knowledge of the technology and research in 
general increased, and my perceptions of what could or 
could not be done and how best to effect such changes, 
matured. From the global approach to implementing 
computer technology in education which Valaskakis (1981) 
referred to as Che process-impact “errect (pp. V4) "1 
chose to concentrate on the management component of 
G@ssisting Instruction, commoniy rererred®to as -Computer 
Managed Instruction, or CMI. Once a framework was 
established which gave structure to the general goal, 
the process of defining the study, altering, adding, 
or deleting components, rethinking and reformulating 
my intentions, produced the form and substance of the 
study. Slowly the means to the end became clear, and 


the study began in earnest. 


To more fully explicate the theoretical base upon 
which the resultant study rests, I will endeavour to 
Cescribe tiesinsteruccional Cyclestorn wiich, CML 1semost 
appropriate, the concept of Computer Managed Instruction, 
the process of implementation, and the research method- 


Ology employed. 
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Hie eroOrmeanCeeeype «OL Instructions Destmsulrteom co 
incorporating a CMI system is a reflection of a defin- 
Pea VemcOnCe DEOL scumiou lumecheOrysana Ils  suct Ton 
which may best be characterized as the "means-ends" 
epproach. The role of therteachermis sto provide or 
determine the goals or learning outcomes, teach to 
achieve those ends, and evaluate the success of the 
process. In so doing, the teacher is both an educational 
delivery vehicle, and the manager of an instructional 
system (Baker, 1977, pp. 247). Within the latter, there 


arestwor distinct slevels Of activity. 


One of these is supervisory style management 
which mostly involves clerical activities 
that many of us expect to see teachers doing. 
MuncELoOnsmsuch) asvmecording, iassi-qningy, eval= 
Uabing, arranging and! reporting allvare 
activities known to the classroom teacher. 
These activities all are, by nature, quite 
routine, but consume rather significant 
amounts of time. The second level of man- 
agement activity required in education is much 
more sophisticated. It involves the truly 
managerial functions of planning, organizing, 
Commanaing, scootdinating, and controlling 
(Dennts, eGo m lye. 


Gia Usmiuhnenpurpose oLma CMigisystem as then,, toputilize 
ChemCONDULeh mNeordem FO, ObuImMIZCe Liem edt nang environ 


ment and to maximize the educational progress for each 
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child while making efficient use of school resources: 
human, financial, and material (Spuck & Bozeman, 1978, 
PP. os). The incorporation of ethe sconmputern.intowche 


TastructloOnal —cyvclesgis llustratedeinuathe mmogels«below. 


TEACHER panne 


DECISION MAKING 


aaa eee ee COMPUTER 


INFORMATION } 


QUANTITATIVE INFORMATION 


INSTRUCTION 


Figure 1. A model of Computer Managed Instruction within 


the instructional cycle. 


The information generated by instruction may be 
either qualitative (perceptions, feelings, intuitive 
knowledge) or quantitative (student test results) in 
nature. The microcomputer, in using a CMI package, 
assumes the bulk of the quantitative data storage and 
analysis, the assumption being that better educational 
decisions can be made if timely and appropriate inform- 


ation is available (McIsaac & Baker, 1981, pp. 46). 
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COMPUTER MANAGED INSTRUCTION 


Computer Managed Instruction is an educational 
system composed of the following six components: 
curricular plan, instructional model, diagnosis and 
prescription, management, reporting, and computer 


(Baker, 29/7) @ pp. 21). 


The curricular plan most appropriate for a CMI 
system is based upon the cognitive processes approach 
£o curriculum developmen=. "This approach to curriculum 
is primarily concerned with the refinement of intellect- 
ual operations, focusing upon the how rather than the 


Whe teOr SQucatilonm( EI Ssner st VaLLance, 1t974,5 pp. 0). 


The instructional model which incorporates CMI 
involves a potentially radical reorganization of the 
traditional roles of the teacher as mass lecturer and 
the student as one of a number of passive respondents. 
While admittedly providing a somewhat inadequate des- 
cription of the intricacies involved in managing in- 
struction, nonetheless, the following diagram based 
ona model of CMI proposed by Rushby (1979, pp. 55) 
captures the essential steps in the theoretical im- 


plementation of such a system into an elementary 
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RECORDS AND 
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Figure 2. A model of the roles of the teacher, student, 


and computer in a Computer Managed Instructional system. 


In an ideal CMI environment, there would be 
a smooth partnership between the teacher, the student, 
and the computer. The teacher, freed of the administra- 
tive burden, would be able to devote his time to the 
task of helping students for which he was trained, and 


hopefully enjoys; the student would enjoy a course of 
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study which was tailored to his individual needs and 
PReterences, .withesampkestrecedback to.guide Hhisestudies: 
thescomputer, having nosneed sot job usatistaction ~.ebut 
able to .process, information, quickly and accunately,, 
would take over the routine management of the courses 


OO UIST Mer PUBS ASHE slew S11) 


There are two types of diagnosis - symptomatic and 
Causative ~psAeSyVMpLomaGLoedilagnosisoeissat~avdescruipiive 
level, while a causative diagnosis is one which the 
mechanism underlying the symptoms can be identified 
(Bake wae Loi p.Op meso Open LoOrtuinacaly, wimitatious 
inherent in the capabilities of the most common and 
popular microcomputer systems to store, manipulate and 
retrieve the enormous amounts of code and data required 
for a causative diagnosis component, have necessitated 


the use of symptomatic diagnosis. 


The management of the instructional cycle refers 
to those capabilities within the program to analyse, 
monitor and direct each individual student's progress, 
or that of the class as a whole. The management aspect 
is based upon the records gathered and retained by the 


program while interacting with the students. 
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The report function of the CMI system is the 
jenerabvonsoL individual moroup,) or Comparative data 
controlled by the teacher and illustrating the student's 
progress#in® the anstructional@data-base.’= The reports 
constitute the medium by which instructional decisions 


are made regarding the future activities. 


tThe® applicationvort EMI packages*=tofeducation 
has essentially been attempted with the use of large 
computer systems because of the greater data storage 
capacities, and the power of authoring languages which 
fFacilitace the authoring and@revision of*thes program. 
However, recent technological innovations which have 
expanded the power of microcomputers, in conjunction 
with the inappropriateness of large, expensive systems 
for most school districts, have stimulated the dev- 
elopment of CMI systems for microcomputers. This 
Studyeis=using SuchPa small -configuration; ‘namely “the 


Apple II Plus. 


IMPLEMENTATION 


Implementation does not involve merely 
the direct application “of a technology. 
Implementation is an organizational 
process that implies interactions between 
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Lheeprojectwandwitsasecttingsinthus frit 
is neither automatic nor certain (Berman 
eM Chai hls l9 Ge DD ono Zee 


Implementation is a process, and process implies 
change. The changes in both the structure or usage 
of an innovation and in the innovators are the result 
of the interactions between the various elements to 
which, or within which, the implementation is intro- 
duced. The degree of change cannot be predicted with 


certainty. 


There are definite variations in the degree 
to which the same innovation is implemented 
byvditienenteindividuals and gongqanizations; 
and the degree to which some components of 
an innovation are implemented more effect- 
ively thanvothers (Pullen & Pomiret, 31977, 
Deo 4 Dy r. 


The importance of the elements in the implementation 
process cannot be understated. Common (1979) has 
identified four such elements fundamental to every 


implementation process. 


Leek CGUbEICUlLUMseetheunatune oCbethescunrriculum, 
specifically its complexity, explicitness, and 
pyachicalptyeelttectmthesimplementattongpnocess: 


doped USELTeObethesCurgi cudumss tinererare athnec 
characteristics vital to ensuring the success 
of the implementation; (a) a knowledge or an 
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understanding ofthe curriculum; |+(b)**the 
Capabilities and skills to implement; and 
(c), the motivation’ 'to implement © In addition, 


the teacher performs three functions in the 
process, those being the planning for the 

use of the curriculum, the performance in 
Cabsying: thiemplan through,” and @monitoring 

and evaluating the progress of the implement- 
avion. 


3. A Manager of the Implementation Process: 
The manager must possess the qualities of 
leadership, commitment to and a belief in, 
the innovation, and a thorough knowledge of 
the innovation. The functions of the manager 
mnie lides planning. of tnerinnovation prior co, 
and during the implementation, coordination 
of the implementation, evaluation, and pro- 
Vici Gane tina Bion . 


4. A Receiving Organization: The receiving 
organization must be adaptive, innovative, and 
receptive to change. It must also provide a 


temporary system to implement which is recep- 
tive to change, provides morale, and satisfies 
the needs of the innovators during the imple- 
MenlCALIOne PuOcess B(DD e253), 


The inherent complexity of the implementation pro- 
cess een thisecaser the introduction ofa technological 
innovation dntova social’ setting, means that during 
bher course Yore@tne Study’ a myriadvor factors could in-— 
fluence the process one way or another. Fullan and 
Pomfret (1977), and Berman and McLaughlin (1976) have 
identified several determinants of implementation, 
factors which have an important role as to the direction 
and degree of impact of the innovation. Fullan et al. 


(107 /jemnotea thercharacteristics sof. the Aannovation 
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(explicitness, complexity) strategies (in-service 
training, resource support, feedback mechanisms, 
participation) Ptand ‘characteristics of theadopting 
unit (adoption process, organizational climate, 
environmental support, demographic factors) as being 
instrumental in the implementation process (pp. 367). 
Berman et al. (1976), in evaluating change-agent pro- 
grams noted that "the extent of mutual adaptation 
that occurred depended on the substance and scope of 
change proposed by the project design, particularly 
how complex and specific the methods and goals were, 
and flexibility in coping with unanticipated imple- 


mentatwvon problems." (pp. 353) 


The underlying theme which pervades the dis- 
cussion of the process of implementation is that the 
interactions between the elements is the one single 
Ceucia velactoreinelcsedai.ection sandwetrect. — Conse— 
quently, the task of the researcher then is to con- 
struct a research methodology capable of "analyzing 
the complexities of the change process vis-a-vis 
how innovations become developed/changed during the 


process ote implementation. (FUltanget al. lo sa, 


Do. 340) 
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QUALITATIVE RESEARCH METHODOLOGY 


Qualitative methodology refers to those 
reSCarch Strategies, such as participant 
observation, in-depth interviewing, total 
Participation an the activity being*studied,;, 
field work, etc., which allow the researcher 
to obtain first-hand knowledge about the 
enoiiEt Calwsocialevor la vin quest ton ws .Ouali— 
tative methodology allows the researcher 

to “get close to the data," thereby dev- 
eloping the analytical, conceptual; and 
categorical components of explanation from 
Ciemdata gece lt (Halstead 9319/0 pe boro). 


The rationale underlying the use of qualitative 
methodology in research is based on the assumption that 
we cannot understand human behavior without understand- 
ing the framework within which the subjects interpret 
their thoughts, feelings and actions (Wilson, 1977, 
pp. 249). Understanding, therefore, can only come 
from a close and personal relationship between the 
researcher and the situation. The difficulty which 
immediately confronts the researcher, however, is in 
maintaining a perspective that views events from with- 
out as well as from within, while at the same time 
being close enough to urhe situation Co sbe Sensitive 
to the underlying forces at work. As both participant 
and observer, the researcher is faced with two types 
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fietd@ (conformity or nonconformity), and the eval— 
uation of the data (the observer's experience as 
related to the imputation of meaning and the form- 


ulation of categories) (Varco = 1907.07 Dee etOo)) Fs 


ASW an integrals pane of the situation, the 
researcher must be careful to acknowledge, and 
elaborate upon, the influence he exerts on the 
data which is both generated and interpreted. 
Accordingly, the researcher must first find out 
where in the social structure he fits and what 
role the participants have established for him, 
for the role of the participant observer and the 
images which the respondents hold of him are central 
EO .cnemdeChintelOnmOlslt soe SOCLal DOSILLIOn,  O— 
gether these two factors shape the circumstances 
under which he works and the type of data he will 
bepable co COllrcemmViarch, 19/0, pO. 244)).a Lie 
researcher cannot, for reasons of objectivity, 
attempt to become one of the participants, but 
neither can be appear aloof or removed, for prox- 
Mire yelOmtnemsurlatlon Will JeteriijemcelendCcuracy, 


Of the’ data collected: 


The evaluation of the data is the researcher's 
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attempt to categorize in some form the events of 
amsituation so that insights into the meaning of 
ees@dbuation become clear. Evaluation 2s not an 
entity unto itself undertaken retrospectively, 
EaACheCE petieisvansen-doingmprecess of formulating 
hypotheses, clarification, substantiation, and 
re-formulating new hypotheses. Often what is sought, 
and how, is a product of the researcher's back- 


ground, experiences, and attitudes. 


lneshorey tngquadiitatkiveswork --justeas 
there is no clear-cut line between data 
collection and analysis (except during 
periods of systematic reflection), there 
is no sharp division between implicit 
coding and Gi thersdata collection or 
data analysis. There tends to be a 
CONLINUal DIMIDGEIng wand incentwininor or 
all three operations from the beginning 
of the investigation until its near 

end, (Glaserese Strauss, 1970, po. 291) 


As the insights into the situation slowly 
emerge, the task then becomes one of conveying 
the interpretation in the form of a model or 
Figure.) Once, deparadigm ic Grasped, understood, 
and used, then the results or research are pre- 
sented in such formulations or conceptualizations 
as are deemed necessary, and no argumentative 
or comparative posture which argues that this 
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to life" than some other is mentioned (Psathas, 1973, 


je MENS 


While the ultimate goal of qualitative research 
is thesconstruction of “a paradigm to represent “the 
essential themes of a situation, both the means to 
that end and the form and nature of the end itself 
are unknown as the research begins. The particular 
means chosen will depend on the theoretical re- 
quirements of the research design, on the char- 
acteristics of the place and population to be 
studied, and in no small measure on the personal 
ana professional ‘qualifications Of “the investi-— 


GavOre (Pearsall, lov 0 ,) pp. 45 )r. 
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CHAPTER THREE 


THES REoBARCH (DESIGN: Ss EVOLUTION, OF THESCONSTRUCT 


The research design was, from the moment of 
COnCeption to its conclusion several months iater, 
very much a construct in evolution. The dynamics 
of change began with the transformation of the 
theoretical into the actual and continued as the 
actual developed over time. This process of 
change continuously provided new structures which 
in turn became the context from which more devel- 
opments emerged. Ends were not ends unto them- 


selves, but the means for yet more ends. 


Ends arise and function within, action. 
Theyarevynoteeethings lying outside at which 
the latter is directed. They are not ends 
Gig COrMiAnmeOr, ACTION data ll ys hey are 
terminals of deliberation, and so turning 
DOUNnesrintactcivacty (Dewey Pye ee 2a ppreccs)) . 


The activity which represented the evolution 
Was dureciprocity ofPactiongbetweenge!l ementsid pros 
Grameana Curricubumedeve lopment) mitnesrescarch 
setting, wthemimplementationsstrategvyeand! the, role 


of the researcher) which determined both the character 
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and direction of the research design. This inter- 
action was at times internal or external in origin, 
implicit or explicit in nature, pro-or re-active 


in effect. 


As the design unfolded, the original assumptions 
megaraqing tne Nature of the teaching act, curriculum 
theory and development, and the role of technology 
in a classroom environment, were noteworthy for 
their stability even as the form of those assumptions 
was being moulded over time. The foundation upon 
which the research design was based allowed for 
adaptation without jeopardizing the integrity of 


the sconseruct. 


CURRICULUM DEVELOPMENT 


The very fact that a CMI system was deemed 
appropriate for use in teaching elementary school 
mathematics implies a definitive concept of teaching 
aid CUGLICULUM, ma —_paLagtgm OL instruction sachernang 
strongly to the purposes, experiences, organization 
and evaluation model advanced by Tyler (1949, pp. 1). 


The problem of the educator and curriculum specialist , 
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then, is to identify the most salient and efficient 
once Lectual processes sehroughn which learning occurs, 
adectOsDLOVIdeuChesseeriIngrandsStruceuresrOr tier 
development (Eisner & Vallance, 1974, pp. 6). The 
setting and structure for the development of the 
pupils computational skills was, in the larger 
Context, the CML system itselt, of whichvashier— 
archy of objectives compatible with the curriculum 

of Alberta, Saskatchewan, and the Saskatoon Catholic 
Board of Education was its substance. The objectives 
once selected, were arranged within each operation in 
a sequential, progressive, linear manner. The scope 
of the objectives was limited, however, by constraints 
inherent in the technological medium being employed. 


(see Appendix A). 


Whereas the original conceptualization of cur- 
Faculum and iImStruction, and its embodiment in the 
selection and organization of objectives remained 
stable for the duration of the study, other aspects 
of the research design were a study of intentionality 


constantly being tempered by realism. 
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PROGRAM DEVELOPMENT 


From Baker's model of CMI as being composed 
Oran curricular plan, instructional model, diagnosis 
and prescription, management, reporting, and com- 
PUteE (1977, Dp. 21), emerged a program written in the 
BASIC language designed to meet those general specifi- 
cations. Accompanied by the instructional data 
base (consisting of the objectives for each of the 
four operations), the CMI package provided the 


following: 


tee So CUCeI Ger bese ands Petialeva. Capaciurey,. 


2 COnsiaderabtion, OLfsinStructionalsooals, 
individual capable Lies sand instructional 
means. 


oe  Dilagnosiesand Prescripltion Ole ascourse 
Of Instruction tor the learner. 


Ae eTeOSt  SCOring,. 


a Inftormatizon. trom the data’ base, in a 
reasonable and usable form. 


6. Monitoring of each student relative 
to, his. program of objectives and to other 
Students in the class. 


7. Management of the resources required 
for classroom operation. 


8. Management reports for administrators 
describing the educational growth of students 
tiethienclaesroon i (AGUL USC E beber eo / 2s DDeaeiL):. 
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The management of the instructional cycle was 
accomplished by five programs within the CMI package 
which allowed the teacher to administer to any one of 
the following: the class as a whole, an individual 
student, the prescriptions and objectives, the printed 


reports, and the class or student performance data 


stored during the course of the CMI system's operation. 


(see Appendix B). 


There were two reports generated by the CMI 
system - both intended for use by the teacher - one 
immediately after the student had scored his test 
responses, and the other at the convenience and need 
of the teacher. The report which was produced for 
each student after they had interacted with the system 


included pertinent information designed to provide the 


teacher with individual and comparative data upon which 


better educational decisions could be based. (see 
Appendix, C). “Also available, to thepteacher upon 
request were printed reports on individual students 
(biography, history, assignment and instructional 
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each of the five programs and the test generation/ 
scoring cycle were initiated by variety of sources, 
not the least of which were the limitations of the 
technology itself. In particular, the test generation 
routine which originally was intended to be an on- 
line, interactive procedure, became a hard copy, 
printed test using the Apple Silentype thermal printer. 
The sitorage capacity of the microcomputer both in 
terms of random access memory and diskette meant 

the fractionalization of the whole program into 
sub-programs. Consequently, accessing of programs 
from disk involved delays which in the words of 

one participant "became very annoying at times", 

even though every effort had been made to maximize 

the functionality and utility of every option 


within each program. 


Further revisions were initiated by findings 
obtained from the pilot study, conducted two weeks 
before the CMI package was scheduled to be intro- 
aucedaminto the srescarchsesetting. Tathesparticipating 
teacher employed the CMI package in a way that had 
not been anticipated. Specifically), the students 
went to the computer, a test based on the progress 


of the student or the teacher's assignment was 
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produced, the student completed the test on-site, 

and corrected the test on the computer before returning 
Pomuleimescat. “Piis™deviated from the original in— 
tention of having each child receive a test in suc- 
cessron, “and “then repeat the “cycle for test scoring 
purposes. ~ Tne? implicaetirons Of this novel approach 
were considerable delays while the computer accessed, 
retrieved, manipulated and updated information used 
i recoroskeecping. [Te response CO Lims situation, 
the efficiency of the test generation and scoring 
routine was enhanced both in terms of the method 


Or deta Manipulation and cime. 


Another facility proposed by the cooperating teacher 
and subsequently incorporated into the class manage- 
ment program was a routine for grouping students 
using either achievement, or name. At this point, however, 
the limited storage capacity of both the random 
access memory and diskette necessitated a decision 
on my part as to the relative merits of the many 
Components: of the CM package. elnesadcition, of 
one routine meant the elimination of another. 
Punctional utility was paramount, thus a’ Component 
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of an objective for reporting purposes was deleted 
in favour of the potential benefits to be derived 


from grouping students. 


TRE Molding oOLetie programs tout! patnemealTLy 
Of the teaching Satuataon Continued past stne=pLlLot 
study and into the actual implementation process. 
After having worked with the program for three weeks, 
the seven participating teachers requested the elimin- 
ation of the printed report generated at the end of 
the test scoring cycle. This report contained in- 
formation as to the student, the operation and the 
objective, both the student's responses and the 
correct responses as recorded by the computer, in- 
structional groups as determined by the teacher or 
automatically by the program, and five prescriptions 
which listed appropriate resources for teaching or 
remediating the concept. (see Appendix C). The 
teachers, without exception, felt that the printed 
report was of little value and only added to "the 
masses of paper we shuffle anyway." This opinion 
was based upon the ways in which the teachers had 
accommodated the innovation, specifically, a routine, 
democratic use of the machine with little regard 


for matching the instructional level@or chesstudents 
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to an appropriate objective level. This phenomenon 
will be discussed in much greater detail when we 
consider the underlying themes which characterized 


the study. 


In conjunction with the actual CMI package as 
conceived, authored and revised, the model of the 
incorporation of computerized management into the 
instructional cycle represented the major data gen- 
enatingrinstrumentetiromtwhicheinsightsnintorthe im- 


plementation process slowly emerged. 


RESEARCH SETTING 


ACEIONSas constructedtbhysathedactons 
therefore, to understand how and why 

men act as they do, their perspective 
must be understood (Psathas, 19737. pp. 6). 


Within the research setting there were a number 
of domains of influence: the community as a whole, 
themschiool 1H particular, thes principal, pene teacners, 
the students, and myself. The relative influence of 
each domain acting alone or in concert with others, 
Wagethe catalyst which promoted thesevolution Ol sthe 


research design auring the entire Wengthvol tChesstudy.. 
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To describe the community as a typical, middle 
class suburb is indeed an oversimplification, but 
nonethelessPe portrays tstessential characteristics: 
Approaching a decade in age (originally developed 
tnmresPonse stomindustrvallexpansivonichosertoman 
existing agriculturally based town), the area has now 
taken on the appearance of stability and maturity. 
The predominant occupation of the somewhat transient 
families would appear to be directly or indirectly 


dependent to a large extent upon the industrial base. 


From the staff of eighteen teachers, seven 
voluntarily consented to participate in the research 
study. As a collective, few common traits could be 
detected among the seven, thus a dominant perspective 
is difficult to define. There were as many degrees 


of the variable "experience" as there were partici- 
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pants: teaching experience ranged from one to thirteen 


years; experience with the mathematics program they 


were currently using varied from a "first exposure" to 


Seven yearsyoeand previoustaccess toy oretamiliarity 
Wrteh, cecomputer. spanned never’ Saweagrecalwonemberore 
to’ a cursory acquaintance with the PLATO computer 

BrP tnesUnivers: tyeorenl bertaoup individually, nosone 


participant had a great deal of experience in all of 
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the above. 


While acknowledging the diversity of experience 
Which the participants brought to the study, monetheless, 
Some elements common, to all can be tdentitied., Of 
these, the most evident was the enthusiasm to participate 
in the study as a means of acquiring more knowledge 
about computers and their role in education. The basis 
for this motivation lay in the perceived need for the 
teachers and students alike to become more aware of 
the potential benefits to be derived from a technology 
which is rapidly assuming greater importance in our 
Society. in addition, tO ea0greeing on ine sbasicereason 
for their desire to participate, the teachers were 
Similar in their teaching styles and methods in math- 


ematics education. 


When initially teaching a mathematical concept, 
the three grade three teachers, the two grade four 
teachers, and the two grade six teachers taught to the 
Groupeas ea whole.) INO pre-teésting twas doncson val routine 
basis nor was allowance made for students who had 
already mastered the concept being taught. The widely 
Gtefering abilities Ore the pip lee in ecacheot athe 


classrooms required each teacher to monitor the progress 
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OpetherpupLrlLsethrough =a tcombinat ton so pein beon 
veacher-=madeetests;, in=classnorcassiqnedmwork 7 and 
observation. Re-teaching of the concept, when 

ca llede@torntas Tasresult toskethesmonitoning torocess* 
waseceneral lyedonesingaSsmallegroupasituation 


Mwhen the need)» arose": 


Fach and every one of the one hundred and fifty- 
six students participating in the research study 
owned, or had direct access to, some form of integrated 
circuit technology, defined for the students as 
micinudingmecalemlatorspiechectronic igqamesfrormmicKhocomputers. 
Of these three, ownership or access to a calculator 
was the most prevalent (89%), followed by electronic 
games (60%) and microcomputers (0.04%). Distribution 
byagnade ,levelfiwaspinsigqniticantatonu calculators fand 
microcomputers, however, ownership of electronic 
video games increased dramatically according to grade 


level. 


The pervasiveness of computer technology amongst 
the students vand thes famibiaritysoiteveny ystudent with 
at’ leastuone@vablationlofeit; amayenelpeingexplaining 


what sonetbeacher*noted asr“total acceptance ,ofpit (the 
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computer), almost as) if it had always been here... they 
love it". The sheer éxcitement of the students at the 
prospect of using the microcomputer can be illustrated 
by statements from the teachers such as "they were on 
the edge of their seats all week," and "Monday couldn't 
get here soon enough for them, all I Heard was” 'When 
dOewesget the computers. and "How much Longer: “trl 


weaQdeu the’ computer? | and on’ and: on=and on!” 


The research setting was the medium upon which I, 
as both data generator and interpreter, had both an 
Cxplicic. and implicit eerrect.. “in terms of the data 
jenerabionrand collection, ab ne, timevdiae1, nor 
could I, disassociate myself from the setting in an 
attempt to minimize my influence upon the situation. 
Similarly, as interpreter, the meaning I derived from 
a situation was Very, much a’product Of my History, 


experiences, assumptions and roles. 


Our observations are, therefore, always 
iDebuehcedm DO weOum Ub LOlD COnCeDEa Ons awe 

view the world through our own perceptual 

lenses. These lenses have been partly 

ground by our exposure to and knowledge 

Om theoretical constructs ands: ormulations |= 

if such exist - related to the research 

Buoblems sere is no such ething, Btherefore, 

ac atheorecioal. research (Dulgnan, L981) "pp. 292). 
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My own personal experiences in using a microcomputer 
Ineasceaching sitvation ror the two years previous, 
the attitudes I held towards computer applications in 
the classroom, my assumptions about the relative merits 
of a CMI system, and the hundreds of hours spent 
authoring, testing and revising the CMI package, 
together colored my perceptions of events. Both my 
actions within the research setting as data generator 
and collector, and my actions outside of the research 
setting as synthesizer and interpreter, therefore, 
were to a large extent a function of the many roles 


I brought to the research study. 


IMPLEMENTATION STRATEGY 


In general terms, the study can be conceptualized 
as having two separate and distinct phases, the 
developmental (during which the students and teachers 
were familiarized with the microcomputer and the CMI 
program) and the implementation, or the actual 
POEEOUUCT? ON POtmEne sinnoOVacLON win LOmLOCm coven 


Participating classrooms. 


The goal of the week-long developmental phase 
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Wasa functlonal literacy” for botm Leacticrs anc 
students, a working knowledge of the Apple II 

Plus microcomputer and the CMI program. Each 
classroom - both teachers and students - received 
eeprverrcourse Cf study which Locused on. tne 
components, operations, uses and varieties of 
compucers in three, one half hour lessons. I 

taught each of the lessons for all of the class- 
rooms, using a lecture method supplemented by audio- 
visual aids such as overhead projections and 
Gi2bey-LLveemiLLiimet Le Slides. in addition, 

each student was required to complete a small 
booklet which reinforced the major concepts dis- 
cussed in the lessons. For their initial experience 
with the program, I was present with every student 
and teacher on an individual basis to demonstrate 
ald explain. "FOO the students, this meant actually 
directing them as they took a test and then had 


their answers scored on and by the computer. 


Functional literacy for the teachers involved 
a more detailed extension of the literacy lessons 
to include a one hour inservice on the capabilities 


and Operation of thie CMI package atselr . No eftort 


a 


: 7 P 
- a 
: = x ; ~s ’ a 7 


oe 7 \ - @ PP 7 7 
ti Babyy dial es gifetvont pies ar 
. > 


_ 
ee ene 


eset, .aidgony. Ti sits ‘has 2aae 
7 a 


7 : . ea iP 
bawienss - efantiigan ena 2ztefcoso A rea - Sep tear “3 
<a ae 


iad * _ 


@ 
age fro beeuost ASifw yese 39 @egeea Ss 


td ealteiiasy Bae @4eu ,anoisersoo ,S7RAIOES 
i ,engebsi swof ilad cm iseeds TW RaSstogaee” 
Lt 
‘ } we 
a@pale off to LIA “61 Sndeeel site Be Gene stout : 
y 7 - 


afGifa Ya Barnemie! qeve Ror siufool § eriew ,ambes 7 


PRE eRolidiishe@ Seaasauve tn Hove Sshke feasivy 
; 


- 
5 
ri 
> 
cy 
a 
al 
) 


ere mritin steal * 


a 
Ll ewe etelomso of Hetieh4s) Ga SeaBbuee fos 


podglatgre ([sivlai yteds <o?F .en4heel Ges ai fageun 
Srahose yaers Aduw Yneuete zew ! ynstoorg eta dep 
7 Ve 
S26 EromSeh of zheed Isuhivthot as acetates ban : 
VAbawayS 2 cee | ‘sdirai : ee he | abelaye oie 1 
g ; 3 = Spree. > @ alle ge ae 
: 7 ; : ; : TT a 7) : 
BSH (ee Ona. 15 48. ‘cud ysds ec gd GQrlson ib 7 
, : = - = 7 _ - - 
; SOUCtRetS wy "7 ite wt besave a¥aveas e m2 


7 
7 


Mevisetnl azeiospy <eii2 La rk ae banc tmnt 
J. ar, 
~ NIE oyeeertt tei te) ors feriteS boiberet yx 
> + 7 s as : 7 < 
) MOP EAeegS ots no aateeeend prada! Ae wioe, 
: a ; _ a7 
q os Vv : bay < ‘4 7 i ‘ye he ws 

_ Pp Aion, Aer: M. mda Ste > stHRe 

- 


_ 


7 


- 


— | 


34 


was made to suggest a means or a method of implement- 
ation Other than the model of CMI based on the work 


of Rushby (1979), which was discussed briefly. 


THe quality and quantity of the implementation 
strategy (a personalized on-going process) was 
necessitated by the very nature of the innovation 
itself, a complex piece of machinery that while 
attracting the teacher also scared and frightened 
each of them to some degree. Therefore, I felt 
it necessary to assume the task of individually 
working with each student for every teacher so 
that the teachers were not left in control of 
aneennovation about which they wadelitule or no 
knowledge... Whether such an approach is merely 
aDprOpGa ate) OL a paper TCurriculum but scrucial 
to a technological one is open to debate, but the 
POSiLelve reactions Ob bothi students mand stari, to 
the method employed would certainly suggest that 


such is the case. 


The second phase, the actual implementation 
Of the, innovation, at wirst 1nvolveardrawing, up 
aeschedulerwtor the sharingsor senestnree microcompucer 


Gontigurations. Base of transport’ was a major factor 
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in the pairing of teachers, who eventually had the 
use Of a computer each day for one half of the day. 
Once the schedule had been determined, the teachers 
were encouraged to begin the implementation in a 
manner which they deemed appropriate for their 
Situation. The sharing of the microcomputers was 
eased somewhat by the purchase of an additional 
microcomputer by the school after the third week 

of the study. Thus, of the seven teachers, only 
four were required to share a computer while three 


others had full and daily use of their own machine. 


I was present at the school every afternoon 
throughout the nine week study. My role changed 
daily, sometimesshourly, from that of creator and 
consultant to implementer and researcher. My duties 
varied accordingly, dependent to a large extent upon 
the smooth and reliable operation of the program, 
and the familiarity of both teachers and students 
with its operation. I therefore acted as the sole 
resource support and feedback mechanism, at least 
initially, until the confidence of the participants 


improved. 
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ROLE OF THE RESEARCHER 


The perspectives which I was able to employ 
during the research situation were many and varied. 
A simple dichotomy of participant and observer as pro- 
posed by Wilson (1977, pp. 250) was not adequate 
ELorethe purposes, Of this study; they participant. was 
also the creator and author of the instrument for 
generating data, while the observer was once the 
implementer of, and consultant to, the CMI package. 
The conscious adoption of multiperspectives called 
BOE yeaWEernele Loi meOD .8ll jy LOL thes purpose. OL 
delimiting the effects of a myopic viewpoint, was 
therefore clearly necessary, indeed inherent, in 


the research design. 


Viewing the research situation from without as 
well as from within, situational sense-making (Werner, 
1977) requires the researcher to strike a responsive 
chord among people in dialogue situations by clar- 
ifying motives, authentic experiences, and common 
Meaning Mi AOkw,lo7 Sy pps) 12) el ecm ys GCeMaL Cecearch 
to give meaning to meaning-making, the researcher 
must methodically plan the forms of data he will 


Collect, thersetting In whiicheane, will gather sthe 
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data aithe tparticipantsswith whom he will, interact, 

Ande thesques tions sheswill iask A(Wilson, 1977, pp. 257). 
The form of knowledge sought, therefore, is not 
nomological, law-like statements, but deep structures 
of meaning, the way in which man meaningfully 
experiences and cognitively appropriates the 


Sociale woOblds (okie od Oye 0D. ul) 


The meaning of a Situation, nonetheless, is 
Unique “tOseach andividual, ~Perception, as the vehicle 
by which we seek to gain meaning, is a product of our 
Own individual experiences, a history which has 
formed identifiable attitudes, principles, ideals 
and assumptions. This perspective, because it 
Cannot be divorced from the researcher for the pur- 
pose of doing research, must be acknowledged, and 
more importantly, clearly defined. Wilson, (1977) 
viewed this process as being more than merely 
utilitarian, it becomes a means of objectively 
interpreting the insights which develop in a social 


Se et th. 


By systematically seeking to understand 
actions from the different perspectives 
Ob VabcLloulsmaroups OF participants es thie 
researcher avoids getting caught in any 
one outlook. He is able to view behavior 
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simultaneously from all perspectives. 
These tensions in point of view - 
between outsider and insider and 
between groups of insiders - keep 
the careful researcher from lapsing 
IntoOrsubjectivityen pp. 259). 


The ObjJectivity Tesought, then was to be found 


in the multiperspectives which I brought to the research 


SCELING: creator, author, amplementer, consultant, 
fellow teacher, and researcher. Each of these at 
times assumed paramount importance, yet at no time 
could they be totally disassociated from each other. 
The simple dichotomy of the increasingly important 
role sor =consultant, as was initially envisaged in 
the research proposal, could not be maintained 
during the course of the study. The dynamic inter- 
actions within the setting meant that at any one 
POIntsin time ithe role, of researcher, may Nave peen 


but one part of a greater whole. 


DATA COLLECTION 


Data, as the building blocks of meaning, was the 


product Of the complexities inherent not only injthe 
communication between man and man (Aoki, 1978, pp. 


but also in the interaction of man and machine. The 
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diversity of forms which the data assumed meant, 
therefore, that a variety of means was necessary 


to detect them. 


An organizational matrix proposed by Spuck 
ana Bozeman (LOPS eppw. sa sthelpedys atwleastainitially, 
to stnucture tthe *data *collectton mises Appendix iD), 
but one whose importance gradually diminished as the 
study progressed. Employing questions from the 
matrix, the participating teachers were interviewed 
both formally and informally. The interview sessions, 
all of which were recorded and the dialogue trans- 
cribed, were held in places and at times most 
convenient to the participants, and varied in 
size from individuals to the full group. While each 
teacher was interviewed at least once a week on 
a formal basis, a definitive schedule was never 
established, dependent to a large extent upon the 


Many demands placed on the teachers. 


In conjunction with thesinterviews, daily 
observation of classroom settings provided the 
researocherawith a vitalvsourcescofedatagamosteot 


which became the substance of an interview ata 
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later point in time and replacing the organizational 
Matrax=as the framework for questioning. As“often as 
possible, I sought to remove myself from any direct 
contact with the participants while in the classroom, 
NOUINGSevents “and “ncrdents in ta oq pook. “However, 
attempting to transcend myself from the research 
Sectcinge wos, LODatT Poms tUldy, Virtual Wy impossible. 
Peeould@notm disassociate mysevl from the tract, that 

I had created, authored, and was implementing the 
very innovation the effects of which I was study-— 
Mig. oul Law@hy, = tNeCeDaltvct pants — Ocul eteachers 
and students - did not hesitate to ask for help or 
guidance when the need arose, thereby consciously 
subsuming my role as researcher with that of the 


many others I obviously portrayed. 


While attempting to extricate myself as much as 
possible from guiding or influencing the course of 
the study, nonetheless, the fact remained that as 
consultant and implementer I was forced to actively 
participate in the research setting, thereby gen- 
Grating data While at the same time collecting 10. 
For this reason, a purely phenomenological approach 
bomthe study COUlcdenot De eStapl1 Sied,at OF Integr uty 


of the research role was impossible to maintain. 
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Similarly, I was not an outsider seeking to gain 
an understanding of the situation from a totally 
ignorant point of view, for my experience as a 
teacher served me well in empathizing with the 
participants and anticipating potential problems 
Ore COnCcernS wee NUS ;ewit le umaking the oby,ecrivi cy 
Cfo my, data muchsharder CO protect, my lami rarity 
with and active involvement in the research 
setting sensitized me as researcher to a deeper 
understanding of the situation, a familiarity 
based upon previous experience and personal commitment 


to the implementation. 


As a means of reflecting introspectively on the 
daily events, I reserved a portion of time to myself 
to record my thoughts and feelings. While occasionally 
consisting of little more than a rote recollection 
of events, often I found myself considering in de- 
tail a particular comment or event and postulating as 
to its relevance and meaning. Accordingly, I would 
note the tact, and seek clarification of my inter— 


pretation at the earliest possible convenience. 


Perl_odically schroughout hes termyor the study con— 


crete forms of data such as letters from the students 
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tOemyselry or vany=relevant-artifacts@whitchrr 

considered as in some way having potential for 
making*sense of the situation, were collected 
andsretained. ~“Duplicate copies of all the in- 


formation were made whenever possible. 


The variety of data collected was produced from 
distinctly separate sources: the teachers, the 
Stucents, she school administration, Obhner stale 
members, the community, and myself. Each group 
had slightly different perspectives of the same 
event, thereby interpreting the meaning of an 
event or happening in a variety of ways. The teachers 
and students were observed on a regular basis and 
interviewed directly. In terms of administration, 
the other staff members and the community, notes were 
Kept on, Comments con events applicable to the winple- 
mentation and clarification pursued whenever it 
appeared DLOcucL VettOndo (SO.8 1, as DOL mODserver— 
researcher and participant-researcher, recorded my 
thoughts, actions and feelings on a daily basis, 
Hopinge tO Clarity mvyerole In tie sialon,» and 
constantly sensitize myself to the interactions 
amongst. the participants. Periodic ydiscussions 


With My aavisor functioned as ja means of clearly 
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defining the variety of roles’ I was assuming in the 
researcn Situation, and their corresponding effects 


and influences. 
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CHAPTER. FOUR 


DATA INTERPRETATION 


MUST gaSttherewrs MOebOormula ommecipe fo 
procedures which is to be applied ready-made to 
the problem-.being, studied .(Psathas 91973, pp...16)., 
there is no formula or recipe for analysis which 
would suffice for all research situations. The 
enalysis: = a process, Of .nsightiul reflection 
upon the meaning of events from the perspective 
of the participants - is based upon the selection, 
eLassa ficatkLon.~and etinitton of what «constitutes 
rdatae Which tiisjeuGbn eis, a product. .of the assumptions, 
beliefs, interests and approaches the researcher 
NO UG Sasi mob Caist hveeC nee leica Bhy ee (Webnein nm Lo die Dp. L)e 
The: selection, classification and definition of 
the data is made more difficult by the variety of 
forms data may assume: verbal or non-verbal, active 
Sm noneact Wo, Concrete .OG sapSiLaCteiWiel SONG) Og, 
DD aD Dimer omcnemdatalare. collected, sthneltask then 


becomes one of ... 


ana bysiemtomsund. Leads Loreiiethem data 
collection and also towascertaimmtnic 
existence of concepts. As a concept 
emerges, and as data begin to fit the 
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concept, some of its properties, including 
people laciOnsivipeco@totner —CONCeDtSeancdmrie 
conditions under which it it pronounced and 
minimized, become discernible. With further 
colvectmongpcod’nggandeanalysisrotecdata, 
some concepts are discarded or merged with 
more powerful and explanatory ones, while 
others are gradually refined and developed 
intosasirameworks (Battersby ;uwl981? pps 95). 


The framework is the means by which we can 
substantiate whether the results of an inquiry 
fit, make sense, and are true to the understanding 
of ordinary actors in the everyday world (Psathas, 
1973 MPO a Z)Eee, Validation-otethe meaning, therefore, 
is requisite upon the validation of the classification 
system, a process which Lazarsfeld and Barton (1971) 


suggest must include the following: 


if Acticulation: Thess classimication Should 
proceed in steps from the general to the specific, 
so that the material can be examined either 

in terms of detailed categories or of broad 
groupings, whichever are more appropriate for 


a given purpose. 


Pe a LOgtical tear nrectneds: Binion, articulated 
set of categories those on each step must be 


exhaustive and mutually exclusive. When an 
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Object. is classified at the same, time from 
more than one aspect, each aspect must have 


it's own separate set of categories. 


Spe Adaptacione lo ne Structures Gr tie situation: 
The classification should be based on comprehen- 
Sive outline of the situation as a whole - an 
outline containing the main elements and pro- 
CeSsses sin the Situation which tis simportant 
tO distinguish tor purposes of understanding, 


DecOLCulng , Ome DOLLGyY=Makiand). 


4. Adaptation to the respondent's frame of 
reference: The classification should present 
as clearly as possible the respondent's 

Oger eleveWiguce Helel Tepe, selaves CWiebieNe Were) (> leis) Ue@yeibls) 


Gh attention, bis Categories Of thought (pp. 142). 


These effrones, tO Establish a framework, or 
Classifications ystem,. represented -asnecesscary sce. 
in the struggle to understand the significance 
Olsemnew Oaradidm,sob,. fOr that matter lCOsunderotand 


whether it was a new paradigm at all. 


The paradigm which represents both the large and 
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small aspects of meaning was constructed in layers, 
beginning with what many times seemed at first to 
be nothing more than unrelated, trivial pieces of 
icOrmatLlon = "Ine: GiGbEcuwlEe was sythatuelksenternca 
the research setting not knowing what I was looking 
for, let alone the most appropriate way to begin 
the process of discovery. At times, promising 
comments proved to be ort Miittle tvaliue ain Tal argex 
GOnterG, app urCapler onl yeltOmtnal sindavadual sOlmeat 
aeparticular point #in stime. P™Some commente 7 such 

as the one made by a teacher prior to the actual 
implementation suggesting a fear or nervousness on her 
part, were actually misleading. In general, 
however, the honesty of both the teachers and the 
students provided data which, even if they did not 
KNOW eror  COUlLCRnOU verbalize yit, wasms2cgnitpicant 


as indicating changes in thoughts or feelings. 


In attempting to link together individual 
preces Of "datawin=scarch, Obea deepermunderstanding 
of the underlying forces, or trends, I followed 
many blind avenues and pursued countless theories 
which profited me little. However, occasionally, 
I could see a theme emerge which seemed to convey 
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Mheewiseat Cheese, Limesethat | SOUGhL Clardrication ol 
what I thought I had heard or noted, and sub- 
Stantsacion by asking tor a Group Anterview 

session so that I could present my interpretation 


EOwUvee Participate. feb their analysis. 


The deepest meaning which I was able to 
derive from the setting was a result of the linking 
of the themes. Sometimes these links were mut- 
ually productive, in other words positively 
interactive, at other times they were restrictive 
of each other. Time was of the greatest benefit 
and yet at the same time the greatest enemy of the 
uncovering of insights, for many aspects were 
excrutiatingly slow in developing or appearing. 
Once again, I pursued a variety of combinations 
in attempting to make sense of the relationships 
between the categories. In doing so, some re- 
lationships as I had envisaged them proved to be 
incorrect, while others I had not considered or 
at the time even discovered held more relevance 
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Whilst the meaning was appearing in a hap- 
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relative importance of the various domains of 
influence (community, staff, students, teachers, 
and myself). During the literacy phase of the study 
lasting the first of the nine weeks, the over- 
whelming force was that of the students. Their 
enthusiasm was infectious, uplifting myself and 
the participating teachers alike. Gradually, 
however, their dominance faded except for a few 
isolated instances, assuming more of an under- 
lying role than that of an overt, clearly demon- 
strabile int luence. In comparison, the teachers, 
who at first were somewhat resigned and cautious, 
gained in both confidence and influence. The 
community, the other staff members and the ad- 
ministration, on the other hand, were generally 
Strbitwlevor norpclearly recognizable importance: 
My influence, while it did not diminish to any 
great extent, varied in the direction of its 
effect as a consequence of the many roles which 
Pabroughteto thesstudy. | During "the: literacy 
phase, I was the unquestioned expert, personalizing 
for some students, and perhaps for the teachers 
AlSOpethne cveCchnolodyval) was introducing ..as eV id= 
enced by the comment of one grade three student 


whorexclaimed "It's Mr. Apple!" when I came into 
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the.classroom! As. the study. progressed, difficulties 
both with the computer and the program forced me 

IimeOn the, rolesofwcreator andes authoratoaconrect 
whatever problems arose. At the same time, I was 

the implementer and as such was called upon for 
advice, all the while attempting to remain sens- 
itive about the meaning of events and objective 


as to the reasons for those events happening. 


Careful consideration of both the” substance and 
the origin of the data gradually revealed categories 
which I felt accurately reflected the meaning 
Ob theysituation as 2t=unrolded.— From=these 
categories emerged themes, or dimensions, with 
threads of commonality binding them together which 
directed their intitiencesin =a uniform manner for 
the same general purpose. Finally, the relation- 
ships between these dimensions became apparent, 

BUM On yea tee LNewOLrlO iid ol eweekettmeulne 
was extended to nine on the request of the teachers 
did the nature of these slowly developing links 


mature and be recognized as such. 


The framework which finally emerged, a product 


of the intense interaction between the participants 
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ehense lyvesernnconwunctioniwitthtthe mnnovatieon, 

was a three-dimensional model which I feel conveys 
batherne structuredvand unstructured uelementsios 
the implementation process. 


ESTABLISHMENT 
INCORPORATION 
CONFIDENCE 


Figure 3. A model of the implementation process 
for a Computer Managed Instructional system in 


elementary school mathematics. 


The conscious adoption of a three-dimensional 
MOdele iS Signiticant for two Leasonsic, sfiLest, it 
implies interaction, no one element in the research 
setting was exclusive of any other, and secondly, 
it demonstrates the importance of that interaction, 
for to alter one element would involve a change in 
the structure of the entire element, a mirror, 


therefore, of the evolution of the research design. 


However, it cannot be inferred from the represen- 
tation of a dynamic situation in terms of geometric 
PIcuULeC mE NAb edse SUCH at ACCOUNGGELOlscV OLY saSpect 


of the implementation process, nor that this model 
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would represent any implementation other than the 
one described here. What is maintained is that 
Ine rerms or this’ studvrewa wWnigue situation which 
can never be replicated, the model conveys what 


I feel were the essential, underlying themes. 


THE MEANING OF CONFIDENCE 


The meaning of confidence to the participants 
and its value in the implementing the innovation 
was clearly demonstrated by the importance. of the 
following five sub-categories: (ay "MoOtTVatron to 
Implement; (b) Conceptualization of the Use of the 
Innovation; (c) Awareness, or familiarity, with 
both the computer and the CMI package; (d) Reliability 
of the same; and (e) Accessibility to, and availability 
Of, a constitantea” While 2 *cannot be =rnrerred 
that all of these categories are unique and specific 
to the implementation of a technological innova- 
tion, nonetheless, the pervasive influence of 
technology within each of the categories is 
clearly evident, and in some, the most significant 
Single factor, =slm chronologicalmrerms, *tie tbhurlding 
of confidence began the first day of the implementation, 


and continued with varying degrees of intensity 
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among stithegseven participants suntils theafinal day. 


A. MOTIVATION TO IMPLEMENT 


"Everyone's talking about computers being 


Ehewnew EOmMOnrOWn andaes well®.. we've 
just got to know. We have no choice 
because either we master it, or ... well, 


you know, let's just say we can't ignore 
Hotlelbtséheresandiitisngonnagstayar We 
have to know." 


Beyond a common belief that computers are "the 
new tomorrow", and that both teachers and students 
must become more aware of their capabilities and 
uses, there were a variety of reasons for initially 


wanting to implement computer technology in the 


classroom. 
One teacher responded to the pressures - real 
Ceeimagined —stfromesociety: (ZYoushear so much 


about them that it just seemed to me like I had to 
use them regardless"), while another looked upon 
computers as beneficial rather than oppressive ("I 


always thought they'd be fun so I thought it would 


be. fun tor, the, kids to try"). Whreevom the teachers 


had contemplated leaving education in the future, 


Participation inethe study perhaps being one means 
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of fLinding,out if computers were .the «avenue .to 


pursue, as evidenced by this comment: 


eoeUS te though Ere awould. besneadtatoudo- 
because 12m not sure, 1h) I'm goimgqato 
Svuay Tinkteaching gal lomy lLifesso,eyou 
Know, £'d like to wbranch out." 


While others were looking outside of teaching, 
One, parcicipant Toresaw a place’ Tor computers in 


education and wanted to know more. 


We Le CON a GaicN Ow ws we mm pti 1 cer leuc 
mentioned to you that I've worked with 
computers before, as a student, so I 
WasnWERotratdsoh 1 Getogstartewitin and 
secondly, like it's been something that's 
been in the back of my mind for a while, 
id Tike lo retrain inesthe education 
Hieldpbut that's what Id like to wwetrain 
iy SOuia ee eOralLreagyetnougitaabouL 

Ene possibility, Of approaching this 

facies Cleun, 


The importance of the student's enthusiasm 
in heightening or maintaining the motivation of 
the teacher was raised by one of the teachers 
after his first full week, a teacher who had 
vyolunteered tO participate “because IT thought 


WERWwoOULd JUsStepesneat, to try! 
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R: Has there been one thing, like, has 
something had to happen to convince you 


COMUSe HC, fon COmUusStiIcyausingsit? 


Demelethinkere we veryemotivating, grheukids 
are always bugging me about when its their 
turn. So, I always do it because they want 


BOnce re oing. 


R: And so perhaps they've helped to convince 


you that maybe it's useful? 
P: Yeah, uh huh, because the kids wanted 
to use the computer I had to have it going 


for them. 


The importance of the student's enthusiasm 


was for this teacher, however, short-lived, for 


he remarked to me during the last week of the 


study se ,Punny yeuuh? @etheikidsiweréya Ul hypedgup 


at thems taroronommuewasn  Gatocgerazy aboutert now 


that wetvethadtit here for \sotlongm! useuztibe- 


cause I like it, even if some of them don’t anymore!" 


The influence of the student's enthusiasm had 
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far-reaching and significant consequences. I was 
Oreervedpat tne door Ormone classroom curing, cue 
second week of the study by two parents who had 
Deen Coerced LO come Into the school) to see the 
microcomputer "that we've been hearing so much 
about". In no small way was the student's en- 
thusiasm also important in influencing the decision 
Ofethe principal to purchase a microcomputer 

for the school after the third week of the study. 
When I asked him as to the reason why he had 
arbitrarily chosen to purchase the microcomputer, 
he replied, "Why wait? The teachers love it, the 


Kinds Love*it, and “so why wait?" 


B. “CONCEPTUALIZATION OF THE USE OF THE INNOVATION 


Wel tinetawely a ChOUugne ys Lner ni OnekLa sy, 
LO,dO extra things with them, sikes things 
Weshaven tL oone in Class yeu, andstuena 
Chought snosthatawasn tt salma sAncsthien 

the low kids, they're so slow anyways, so 
EO = DUL = LReMmeOne the =Computernseven more ime 
1s, VOusknow, stiey, Likoeit,s DUtLL a(bause, 
raising hands). And then the average kids, 
they never get anything extra, no extra 
atveention Orsextra activities msosmstnought 
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The dilemma which confronted this participant 


is representative of a struggle which each teacher 


Seen ipa ‘ohen et pny be is. Gears 


os. yanieed writen ans te en oils fa be esp 
7 Sant ofiw etiei nl on wa yhuda ad9 26 —_ Ls = 


- 
of} wue ut luodde S14 ofa! anton oF Banaéon 7 


foun’ ee entisedt mca sv'ow secs" vesequonoxh = 


=e Sacha? sft aew vou lfeme of of “Syods 
potateeb of) eabtred ted Ai tnasseqm vein neinseiee 
Sadiuemovcsoim &@ atedaiea af Lageonieg eds to 

svhuse. sz 20 Ween Orisa 2 wir Leotee eds x02 
hag? «art iis rge2¢ 4797 Ga 26 mit & wee T nsdw 
$Yseuqeeseusls sft seeteey OF neers (liseutidas 
a4 ,.21 avel eigitnaes sr? Srtay ynh” ,betiqa: « 4 


“yue Ene ,ot Svel ebixt 


MOITAVOIMT 2kY %O S20 SUT TO VOIVASISADTERONOD 4.8 


« See falc om? siidajwis 7 ijaraing io 
moira? fly) war C* Ss) eerins #1256 ob oF - 
tT Absit Ore, , ee weealey ci ecod o aevell ew : 
_ ag@e baé <)at J ithw gens oc . FeapuOR? 
ie » Symoayr veto e464, 62° pede aise wot an . _ 


Oth] Wade POFY Hay RS S14 nO wets Jeq Os 
Ae ar oe ath J WON ,whAs ih " 2a s 

,ebid oveqtle-oiy ateo feos ieired palates | 

7 BSSeehn , ctsee aakdeere PHD we oro 
Pty Soe ee bntviins 25409 io notéensdon 

a *¢palépeat) (eents. “Se ifs as 27 svig oF five Tes 


" 


| _ _ a a divin eer meeanden 
— : te = 
260% =e me) he = & F 


: 


57 


fought within themselves as to who would get to 
use the computer and why. However, regardless 

Obs che Original’ plansromthe participants ~cacn 
and every Tones resOrLedmtorasroutline,. democratic 
system when the computers were introduced into 
the classroom. This phenomenon will be discussed 
TOY Kepaev-Wciowe, (lever ih che Gl key ye jeyeniake,, “iene sie Mayes} 
implications which deserve greater elaboration. 
Nonetheless, as to who would use the computer, 
there were initially two streams of thought: for 
the exceptional pupils both as enrichment and 
remediation, or equally for all students regardless 


OL -abaslity. 


The question of computer availability, or 
the: lackeoL it —weach classroom =hadmar computer for 
one half day every day - had a definite influence 
upon the decisions the teachers arrived at as to 


how it was used on a daily basis. 


R: Did you have any idea beforehand about 
how you would use the computer, like, did 
you have any idea you would use it the 


way you are now? 
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of my students use it. 
Reape LOU COIN euler Vverys Lmponcant « 


Pench hemtiat ys ang of wacmatt ato. loud 
Only De restricted to Using 1t with a 

few in which case I would have used it as 
a Lremedva INpUnDOSe,) DEObaD Ly, oUt ern 
woich 1) didnt) see that @s being fait, 
because being something new to the kids 
it's almost like a reward, and the kids 
WhO don. t «GO Lieli WOLk Om who, don tt 
listen in class and so don't get ahead 
Would Get—"Go- (1ISCMlU. SO Lo was arraid 
(sighehe atpehesl Ipisks! Gefen qbhoto. als. Melevcme iifeyie al 


wouldn't be Satistried. 


The ‘how’ of computer use, then, was influenced 
Dy (CoMmoUreh aval babii tyeAna  tiecudeg rece Ores cudent 
enthusiasm. THis "novelty cGflEect did not*diminish 
over the entire nine weeks of the study, and must be 
recognized as an important dynamic which pervaded 
Manyeor the decisions made by che teachers regarding 


the use of the computer. 
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O£ the seven participants, only one thought 
of using the CMI package for a purpose other than 


FeView for Wi ll Cand spractise..- 


eWhet) DT Lindythough as that) toward athe 

end of ithe year ylawant to get specitically 
witichskids€éean addiwhich ikidds cam tsubtrace, 
you know with regrouping and that, and I 
think ‘thisiSl behelpeme’ atlot sto prepare 

them tor their final stest. 


When asked if bringing the computer in during 
September would have made a difference the participant 
commented that “yeah, probably, I’d use it for 


review from the previous year." 


C. AWARENESS OF THE INNOVATION 


The awareness which I felt was so important to the 
participants was an extension, a deeper understanding, 
of both the machine and the program which were 
introduced ina "literacy program" preceding the 
implementation. The uniqueness, capability and 
Complexity Of sthe innovation, -andwthie sauna which 
SumrOunded vite wel aeheard thateconpicers scansdo 
everytning we Can only better’), necessitated a 


cautious approach both on my part in introducing it, 
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and the teachers in learning about computer 
Cechnology. mA Characteristic common) to all orecie 
teachers was a degree of intimidation and fear which 


Getracted from their motivation and enthusiasm. 


Them func LiOnateaticeracy introduction, albert 
superficial, was necessary for the teachers to 
begin using the computer, but the need to know 
more spurned each of them on to delve deeper into 


the program's capabilities. 


Df OOM fb eilOW se GUuCSSuLNe OnLy echang 
is I felt I wanted to know what they would 
be doing when they were there, like, that 
was what I was mostly concerned about, you 
know, looking at what they'd be doing or 
how the machine would respond to what 


they'd been doing. 


R: And now you think you know? 


P: Well, I feel I know what's happening 
Om Chere sOecilacewien el GG ,— dnGw tre lelook 
back on their progress, you know, I have 


an idea of what they've done, or what they're 
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capable iof doing. 


Rew Did youshaveatoswork  chrouch GiceyiouncelLin, 
even though we'd discussed and worked through 


it last week (at the inservice)? 


PeeeWel lescome Ot ata ll Cid poli kere lecolUld Look 
at your sheets (the objectives for each oper- 
ation and the management programs) to know 
what typevoL, work they'd be doing, but, what. i 
was interested in was how the computer would 
respond, say, to so many wrong answers. You 
KNOW, wthings. li keathatye SOmenat: the Kids 
would know what to expect and I knew, like, 
VOU, KknOW Pete Se aC ClladalLy (dOsnGy mie) Obgin 

a small way so I wanted to know what it was 


doing. 


When asked if the inservice might have proven 
more beneficial if it had explained in greater detail 
both the capabilities and intended uses of each of the 
five management programs, the general agreement was 
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Whereas an intimate knowledge of each program 
in the CMI package was vital for every teacher, a 
deeper understanding of the operation of the computer 
was not valued consistently by them all. The general 
feeling was echoed by one teacher, that "I could 
have worked with it without knowing all the parts 
andwstuti;wasslong as it's operating", but three 
teachers did ask for a more detailed explanation 
of the data storage and retrieval, one explaining, 
aie JUStecouldn, tadmagine now a could, doralme that 


inside those little, black boxes!" 


Dees REGIABTOILY Of THES INNOVATION 


mie thought thatel felt comitortablesenouch 
with it, but, suddenly, when all these 

little things were happening, and I take 

it's because of the students, but suddenly 
then I felt like, you know, what's wrong? 

And, thenwi@stanted tChinking about smyselL, 
because Whatwrr tiem the only class; ewhy sn; t 
elpubste plete) Gichekeabalss shen Keres, ens selehleit exe) 
then I started to feel a little unprepared." 


Of the five components which together formed 
Gheseone@dence or ethe participating teachers) ma tract 
unigue to the implementation of a technological 
Pinovatwon,~ tenie sweltabilaity Of both the womputer and 


the program, was of paramount importance. Amongst 
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the seven teachers, five experienced some form of 
unreliability: two with the software (the incorrect 
selection of options by the students which resulted 
in inappropriate test generation and incorrect data 
manipulation) and three with the hardware (disk drive 
malfunctions on two occasions and damaged diskettes 


on three others). 


The greatest negative impact of unreliability 
was on the motivation of the teachers, "a feeling 
that 1b wasn! tiworth alitthe aggravation. .. The 
anxiety, frustration, and a sense of helplessness 
compounded the initial feelings of intimidation 
and fear, and was a recurring theme between the 


teachers who had shared the negative experience. 


The experience of one teacher was especially 
frustrating, because the problems which occurred 
and the reason for their being was obscured initially 
by electrical problems related to the air cond- 
PteLOnIng, UnLes intone CLasclLOom- st bUGCUatLLOnS 
in the electrical power when the air conditioning 
units were activated by thermostatic control were 
initially believed to be at the root of problems 


Which kept reoccurring 11 data sctOnage and) retricval. 
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However, I observed the students for a period of 
two consecutive afternoons and found that they were 
Providing incorrect information to the program 
when given a series of options. Consequently, two 
studenteé were assigned to monitor the others and 


no further problems were noted. 


One important factor which served to heighten 
the emotions of the participants was the six week 


original time limit on using the computers. 


"Well at first I thought, aw gee, you know, 
Mie l) don’t get started maybe l= snowldny tc, 
you know, go ahead with it because if 

I won't have time to make use of it, maybe 
Hees NOt wore evenwestarti ng... 


The unvreliabulity of the computer, oF the CML 
program, retarded the rate of acquisition of knowledge 
about the management programs by the teachers, 
because as one commented, "you know, when things 
went well for a while after we had those problems, 

TI wassatrard to do anything in casesi wrecked it, 


so I just let well enough alone." 


The importance of a consultant, readily 


available and easily accessible, was clearly 
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emphasized by these problems, both to correct and 


appease. 


E. ACCESSIBILITY TO, AND AVAILABILITY OF, A CONSULTANT 


The original intention of gradually diminishing 
in importance my role as consultant when implementing 
the innovation could not be maintained during the study 
for a variety of reasons: (a) the complexity of the 
PinoOVaAc@wOn wand) Ehe uUntamalvarrty Of thee participants 
both with the mechanics of the computer and the 
program; (b) the uniqueness of the innovation as 
something which demanded continual support and 
encouragement on my part; and (c) the unreliability 
of both the computers and program which meant that 
as "resident expert", I was called upon to correct 
any defect or fault when it occurred. However, my 
presence in the research setting as consultant was 
PMpOLEANe LOL ceasens Other thanerechnica land 
regardless of whether the machine and program 
pertormed correctly or not. pMy wolesalsomincluded 
that GEesupporternwandymorale boostem, jsomeone 
who hadwa history in) working: withethermachine and 
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It was really motivating to have you here 
knowing that you've worked with these and 

you know how they work. Like, I think 

if ~ I had gotten just the book and the machine 

I might have eventually turned it on and 

Cried, DUC 1 would save been a Jot more Insecure: 


By continually reassuring the teachers that 
experimenting* with the program could not in any 
way harm either the machine, the program or the 
Stucent, S Lecords, 1, also actedvas a) sounding 
bOardewhwch the particapants sed, to procladam 
some new discovery. It is interesting to note 
that I was always the first to know when something 
productive had occurred, as well as when something 
negative, even though the participants freely 


shared information and experiences. 
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THE ROLE OF ESTABLISHMENT 


Establishment was the process by which 
confidence was slowly built in the participants, 
a routine, democratic use of the machine that 
emphasized the review of concepts far below the 
Student. s Capabilities. ELficiency in, terme of 
the number of students per day using the computer 
(a function of the concept of the computer as a 
"novelty" and the six week time limitation) and 
accommodation with a minimum amount of disruption 
(a function of confidence-building) were the two 


Main characteristics of this Seconda dimension. 


The establishment process was dependent to 


a large extent upon the (a) Availability of the 


innovation; it's development was guided by (b) 
Need or necessity; and it was illustrated through 
(c) Democratic, routine use, 


A AVAILABILITY OF THE INNOVATION 


The ~MpOoLtance ot NaVing {Nes computera OL wlarge 


blocks of time on a regular basis as opposed to 


timetabled use had an impact on both who would use 
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the computer and how that use might be organized. 


Resco you li keveverybody using sLt? 


Pe Un hub: 


Rope YOULEINndsthateiscsthe mostectiacirent way 


Of vusing wc: 


Ps Well; that’s the’ way 2 like Wit) but to 
dO thatel have to have ait an my Eoom;, iL have 
to have the use of it, at least half a day. 
Every other day the child gets to use it, 
like, if they only got to do it once a week, 
TeaOnee, KNOW, don, tathink tnere: ce per much 


Use CO  Wrscilcims Way. 


Re. And. it wouldm t be OL any USe= lor yOUreclEnier, 


YOu, dOnt eclinnm.s 


Pe. Well sure, it would be, but chenelL 
Couldnot. use tt this: Way.slLoOmNaveetoOsuccele 
for remedial, and hopefully, I'd be smart 
enough to put together something so I could 


Use it for enrichment, you know whac’ Ff mean? 
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POstLNesCODsKIdsseGot gechance sto extra sworjmeon 


it too, when they were finished. 


The importance of the availability of the computer 
in the ‘short term was accentuated by the long term 


CONnSuebaints sor Sams i <eweek Study ; 
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large block of time? 


By oO wyean,. LOLresure., 


R: Any reason why? 


P: Well... it might be because we only have 
them for so long, like, I'm sure if we had them 
for the whole year it wouldn't matter as much. 
But, when you only have it for six weeks, 

you know,, yousd@ want to get throughra 


certain amount, or whatever. 


Be NEED, ORSNEGESOS ITY 


The perceilveuuneed Of thes teachereutowuse the 


computer underwent a gradual shift in emphasis, from 
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anneed to know based On a mixture of Curiosity, 
unfamiliarity and novelty, to a need for the computer 
Co assume more Of a role in the instruction of 


mathematics. 


R: Did you use the programs whenever the 
need arose, or was there something else 
which made you go over and use it in your 


Spare time? 


Piaget waskki ndsOrmexcucedmoDOUtCElenot. £ uUrst, 


SO Mite WAST a betiicl tay! WiaCeErO RCO mics Mime | Le 


wanted to figure out a few things. 


R: Has the novelty wore off? 


bee Yeah (laughing) 7 lL ythink so: 


Re How dotyou look on it now2 


Pew Wells nowsled GO toe E whens enadeto, or, 


VOUIKnOW, wLIke;it 1 decloceteupuL them into 


groups or something. Before, I was doing 


that juste lomethe, sakesOletryange le ou, 
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This interpretation is substantiated by the 
commento sOlr another participant during al oroup 


interview session. 


vr, was, willing, topexperiment with Jt and to 
spend some time with it because I felt it 
was important for me to get to know what 

Pet oedOlnl, OU tEIOW, i mOO COLL speecause 
ieneve to, 7. neecdato, (laughing). 10, no, 

I go to it because it can do something I 
Just don!t have the timeyfor, or maybe 1 
COULGh: © doras JOou,... NonestLlyla 


It was interesting to note the confidence 
Ob ene participant (and the olier pareilcipancs 
in the group session who all seemed to concur 
Wit mes Comment) both aS to the reliability 
Gite program and their wamilivarityewith ac. 
Here again, the interaction between the dimensions 
of confidence and establishment is quite clear, 
that establishment was a product of, and yet at 
the same time a means of producing, confidence. 
tiemoarcicipane Ss neea tO KNOWsat Lars te veaseds on 
thet MObLIVatlon tO participate, oul Changed as 
thesreliabiticy Of the program improved, sand) they. be- 


Came more tadmiliar with it "s Capabilities. 


The need to know had another dimension to it, 
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the expansion of the need to know about the role 
eticomputersiin, the classroom fromythe original 
seven participants to other members of the staff 
who envisaged other potential uses for the tech- 
nology in their area of speciality. I was ap- 
proached at various times by the kindergarten 
teacher, the music teacher, the French teacher 
(who had participated in the literacy classes 
during thebiurst week), “andithes labrevian in 
addi B2ony eimwasttolda by oner ohmthes participants 
during the last week of the study that many teachers 
who had not volunteered to participate now re- 


gretted doing so. 


Gan DEMOCRATIC, ROUTINE USE Or eTHE INNOVATION 


In the same way that my best intentions 
regarding aspects of the research design were 
tempered by reality, so too were the participant's 
origimal, ConceptLualizations as ito how to use the 
Gonputer, and 20n whom. The: noveltysands thie 
uniqueness of the innovation, the enthusiasm of 
the students, the time constraints, and the un- 
Easiness Ofe@tne partucipants with chemctechnology 
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elrsOtecwic time, Ateteeat initially. 
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aheaacertain, age) Levels 6do 6/Ou stink, abit 0 
know here in Grade Three, they're so, they 
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show mom and dad. 
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and they got the computer again this year, 
then they wouldnt ial want, to be oneit 1 
dom't) think, but=more, you’ know,. just be— 


cause its new more than anything else. 


While the fairness or equality aspect of using 
the computers was a constant during the entire length 
Of the study, both the contidence of tthe teachers in 
themselves and the machine, and a growing awareness 
of the capabilities of the program and the way 
in which they might be incorporated, as opposed 
to accommodated, into the classroom were dynamic 


forces for change. 


INCORPORATION: CONFIDENCE AND AWARENESS 


Incorporation, or the increasingly sophisticated 
use of the CMI program, reflected a change in the 
motivation to implement the innovation from without 
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the confidence-building phase and the facilitating 
establishment routine. The watermarks of the 


corresponding growth in confidence and program 
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awareness were the capabilities of the CMI program em- 


ployed by the teachers. 


Initially, the program was used in the most 
elementary fashion, with each student beginning at the 
first objective in one operation. The purpose of 
this was seemingly two-fold: to acquaint the student 
with the operation of the program in an orderly 
routine, and to help establish some degree of 


confidence in the teacher. 


Rs) Could you basically describe for me 


exactly how you are using it? 
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sophistication in using the CMI program was attained 
by three of the seven teachers during the eighth of 
the nine weeks in the study. Large, homogenous 
groups formed on the basis of achievement in the 
ebjectives: (yet still in the: routine, democratic 
context of usage), were established for review 


of previously taught. concepts. 
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a-turn;, we go to the top, person, in ithe next 
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Although by the end of the study the teachers were 
assigning objectives, grouping students and more 
efosely, meonleonring chelrm progress,  Sstiid the assumption 
that "when appropriate information is supplied to 
instructional decision-makers in a usable format,efficiency 
and quality of decision-making improve" (Spuck & Bozeman, 
pp. 33) was never realized during the study. The 
only instructional decisions made were those of the 
GMP oOroguen Leseli, advancing, molding ,.0m% melarding 
the progress of the students up the hierarchy of 
objectives according to the predetermined criteria 


Gl tarltUrce and mastery. 


The use of the Report Management Program in 
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to formulate and activate instructional strategies 
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Of buteagsmall portionpotithe total capabilities 

of the CMT package, specifically assigning and 
grouping, which lies somewhere between unmanaged, 
routine usage of the program at inappropriate ob- 
yective levels (thesentry jpoint), andwqualitysdecision— 
Making p based Onwindividual nmecdsvandsabilities 


(the theoretical goal). 


SUMMARY 


The implementation of a Computer Managed Instruc- 
tional system in elementary school mathematics was 
characterized by three dominant themes. The themes, 
which I have chosen to represent in a three dimensional 
model, were the result of the interaction between the 
participants, and between the participants and the 
Hinovation.  Thestirst dimension, the building upyor 
confidence in the teachers, was as significant from 
Enesancept1on Or Lie programeas 1 & WaSmatlll Lo Conclusion. 
The confidence of the teachers was dependant upon a 
MOLIVvAtLTOnN tO participate, thesreliabi lity Of the. in 
novation, an awareness of the program's capabilities, 

a conceptualization about who should use the program 
ana how that use might best bemorganized;, and the 


availability Of, and accesci DilTtymlO;ma Consultant. 
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The second theme, the accommodation or establishment of 
the innovation, was at once the means of producing, and 
EReeproduce or, the Growing cOnL dence than tne partici— 
pants felt in themselves and the innovation. The estab- 
lishment phase was dependent upon the availability of 
the computer, guided by the need of the teachers to use 
the program whose focus shifted from external ("the 

News COMOnLOw.) tO Anvernal  (i1ntrinsto. value Ol sits 

own), and illustrated by routine, democratic use. The 
third dimension was the incorporation of the innovation 
PieOmcic instruct ilOndiwstLavedyerom Che —DautLctpalts;, 

a lock-step sequence of uses that grew in sophistication 
from the assigning Of ObJectives Co, the grouping Of 


students based on achievement. 
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CHAPTER RV EVE 


SUMMARY, FINDINGS AND DISCUSSION 


This study of the implementation of a CMI system 
was an outgrowth of both the phenomenal rise in the 
popularity and availability of computer technology 
in education, and my personal interest in the applic- 
ability of a computerized management system for 
elementary school mathematics. The first step, the 
design and authoring of a CMI package for the Apple 
II plus microcomputer with a single disk drive and 
Silentype thermal printer, was necessitated by the 


commercial unavailability of such a system. 


While the core of the system (an instructional 
data base consisting of a hierarchy of objectives for 
each of the four computational operations and five 
Management programs) remained virtually intact for the 
length of the study, nonetheless, revisions to the original 
specifications of the system began with the pilot 
study and continued until the culmination of the 
research. “ln particular; “the*test»generatron and 
scoring cycle was substantially revised to enhance 


the efficiency of operation both in terms of “data 
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Manipulation and time and minor modifications to 
options within the management programs were made 


after use by the participating teachers. 


Phe research study, conducted in an elementary 
school serving a community of six thousand, involved 
seven teachers and one hundred and fifty-six students 
spanning grades three to six. As a collective, few 
common traits could be established for the teachers, 
especially as regards previous experience with 
computers, the mathematics program, and implementing 
an innovation. The students, on the other hand were 
uniformly familiar with, or had access to, some var- 


lation, OF Integrated Circuit. technology, 


APS LUNCL Lone Li ceracy 9 OinGo mello lie Le toklba | Glue 
three, one-half hour lessons, served as an introduction 
to microcomputers in general and the CMI program in 
particular. Further to the brief familiarization 
lessons, the teachers were given an in-service demon- 
strating the capabilities and operation of the program, 
and the students were monitored by myself on an indiv- 
idual basis when they first used the program. While 
my role as researcher began with the introductory 


phase, the others I had assumed - creator, author, 
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consultant and implementer - did not simultaneously 
end@atethat=pointeinetimes MRatherveacheassumea 
varying degrees of significance at different times 
during the research, both to generate and collect 


data. 


As the implementation process unfolded, there 
emerged a number of themes which characterized the 
initial process of accomodation and the subsequent 
Incorporations of =the! CMIvsystem into™they instructional 
methods of the participating teachers. The repre- 
sentation of those themes was attempted with the 
development of a three-dimensional model of imple- 
mentation emphasizing the relative importance of 
confidence-building and routine usage upon the 


degree of incorporation. 


FINDINGS AND DISCUSSION 


While the rapidity 'and magnitude of change in 
Society today constitutes a’veritable cevoluciaon 
unparalleled in modern times, change within education 
promises to continue to be a slow and complex process. 
The Uncertainty about. the. role ore Computer sain 


education and the fear and trepidation felt by many 
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teachers when confronted with such technology, 
constitute the two, single most important reasons 
why change towards greater integration of computers 
IMCOMeEVEry aspect of education is only now gaining 


momentum. 


In an effort to enhance the understanding of the 
implementation of an innovation, many theories have 
beecneadvanced, aS to the dynamics Of ythe situation 
and the requisite strategies to be employed to de- 
termine the degree of implementation. Berman and 
McLaughlin (1976) identified three stages of imple- 
mentaerzon: 4 initiation, -implementation;, wand -incorpor— 
atione(ppe=352)% Chall teteaits (1975) S@eonceptualrzed 
implementation in terms of progression from orienting 


fo pmanaging tomincegrabing | (pp wes2)i. 


Berman et al. (1976) sub-categorized their three 
stages of implementation to illustrate the underlying 
factors PromOuinge changes MaAWithineuheminterativon 
Stagesthey identified @the® presence of aegood idea; 
thetavarlabi wey soreeLunds, +locabancedsswandethe 
incentives of the individual actors; ‘implementation 
was based upon the motivations and circumstances 
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of proposed change, and its strategy; while incorpor- 
ation was the process of continuation of the innovation 


beyond the implementation stage (pp. 351-354). 


The tripartite framework of the implementation 
BrOcesSawas reiteratedmoy wall et ai ca( 19/5) nan 
eight level model which emphasized three distinct, 
hierarchial stages: orientation, management, and 


Incecration. 


Before actual use, the individual becomes 

familiar with and increasingly knowledgeable 

aDOuUtL ECHO eIinnOovallon, eels Seeadie cy paca lLy 
disjointed, with management problems quite 

common. With continued use, management 

becomes routine, and the user is able to 

direct more effort toward increased effect- 

iveness for the learners and integrate what 

(s)he 1s doingewath what ctherstare coiling (pp. 2).. 


The three stages were subdivided into eight 
levels of use of the innovation: (1) non-use, (2) or- 
Pentacion, Of informatlOn acCgduisit tit On pmlc mmpLecpabat Lom, 
(Ay mechanicalsuse for familiarization, —.(>)mroutine 
Dautermnnol Use, sa (G)retinement sor tne wucesoL eT heminnos 
ValbLOn based On formal Of 1niLormalsevaluat on nu.) 
integration based on coordination with colleagues, and 
(8) renewal, OLvcne exploraci ono aleertnativess lo 


Or moditications. of the i1nnovatlons( ppm 4).. 
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Research, therefore, has established frameworks 
of implementation based to a large extent on identifi- 
able stages within which certain themes or forces are 
at work. In relating the findings of the researchers 
previously mentioned to the findings of my research 


the following points for discussion are presented: 


1. AS a general framework or structure within 
which to conceptualize the implementation process, 
each study identified three stages which illustrate 
a splreparatsOnwLloOreamplementation:@einatiation, On 
in terms of this research study, confidence-building; 
implementation of the innovation in a routine, mechan- 
ical fashion (implementation, and establishment); and 
finally, some degree of incorporation as the innovation 
is™more fLuldy integratedtintomthelinstructionalicycle. 
Within each stage, recognizable elements were noted 
as’ depicting or characterizing ithe ‘stage: ' ‘thes presence 
of a good idea, local needs, incentives of the actors, 
orientation, preparation, reliability, awareness of 
the innovation etc. for the preparation stage; mechan- 
fecal use, Lroutine,= mutualy"adaptation, “availability of 
the innovation and sophistication based on need or 
necessity mromethieMimnplencntationy. Fandieainalal ys: the 
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integration and renewal. While research to date has 
focused on the implementation of a non-technological 
innovation, nonetheless, similar themes or categories 
would appear to be important in the implementation 
process involving a CMI system. The single exception, 
and one entirely dependent upon the complexity and 
Capabilities of the innovation, would be the importance 
of the reliability of the computer and the related 


software. 


Zee LN CONnt rast LO TtCNe eal leet a lian (Ho 75) model 
of implementation which defined levels of use in a 
hierarchial fashion, my findings shnowedr that no such 
linear relationship existed between the elements of 
one stage alone or in concert with another. The 
complex interaction between the categories, as for 
example between the elements involved in the confidence- 
building and establishment stages, was a process 
of mutual adaptation in which the establishment stage 
was at the same time a means of producing and the 
restlt rior, scCOnmracence—puUl Ldingd nme _OSer sunecOoreulca Ll 
relationship exists, however, between the model I 
propose and that advanced by Common (1979), in which 
she represented the implementation process as a relation- 


ship between the three dimensions of curriculum, user 
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endo Organization (pp. 19). Mveresearch substantiates 
the interactive nature ot the stages of implementation 
in an evolutionary process, and proposes that the re- 
lationship is manifested in a confidence-building phase 
based upon the establishment of a routine and leading 


GOea MOre —SOphisticated inCorporat onwOorethes i nnovartion. 


3. In terms of this study, the inappropriateness 
of representing the implementation process in terms of 
a hierarchial, linear model, means that as such, "deci- 
SiON PpOlnes 4, which Cirected {the rate and direction or 
the implementation were redundant. Decisions which 
were made were oftentimes as much horizontal in origin 
or effect as they were vertical, in other words, the 
participating teacher's decision to know more about the 
innovation (awareness) was influenced by related cat- 
egories within the same theme, such as the reliability 
Sr cACeLHNOVatiGneOG ad MOtLVatlOnmecOmpa Lele LDA Lem rn 
aqaqi1tion, decisions as ito whethervor notsto uti laze 
the management aspects of the CMI package were influenced 
byamy presence ins the research esi tuat lonsaseches tor 
and implementer as much as they were indicative of an 


increasing level of usage. 


4% The importance of ‘the availability 01, and 


a oS e s 
ae _ ok =) 


> sae! - . 


. “a Sita neat ee a +e Me HIRE -: 
g 20s) a Sete 
paibess bas sns dite, & 40 aaa ‘ioeb 


y 


- 


oabsevonnt as foe's dusasepo etd pessateeidnes 


~wRSts fA tat. - 3S sey Bhi § 30 eertes aT 
2a 4itzet nl aesoerey at ate alam: odd prise 
~post® dave et soa echen . fohom-trenci ae 
=o 2og3ceaab fre fist, sbi DegRe ahh Alatiw. "Ranee "ag 


fh 
ie = 
_ 


Anivy. thoieioss Joapbeutsy yey ncisebibeuien bes 


: - [dal eet 
atpive a2 ievacet=ad ‘om en eamicnesie saaw shen. ts 


aqt (ahra INite Ti fH dey a a8? =a toetia nm 19. 


7 = 

gis treda eiom wont. oF cod #1 ash. “alo siped waadtagty 18 

Bi 

“Iho bayeic  Boonay lot 2am (ese oreiet peu vomnt 
a & «Fe 


: ; 
viv Liduliss Sat ea coue \ ease Ske ott caspay (We 


AL BIA ofties, oc noid Bvsagm's aa] 194 rors ai to 


- ‘ 


apilgae 6% duh 30 Get es) BE mae Lpee 440 +i bbe 


besnsy lant otew stekousg “IN0) ay i? ‘hbaedne ? 


mo 
ao sions ee fo Ae Mm). = 
a 


¥ 


ie te a ada saw spurte 


90 


accessibplity tovaveonsultant *during the ®implementation 
process of this research study cannot be stated clearly 
enough. The immediacy of the consultation had import- 
ant ramifications for the efficiency and smooth opera- 
tion “ef avhighly technical and“complex innovation. The 
minimal knowledge of the participants regarding the 
innovation meant that unreliability of the program or 
insecurity on their part in utilizing the management 
EOULINeSvonlytpromoted -frustrabionmand@aslack onecon— 
fidence? O In addition; “the®personalization ‘oPethesim— 
plementation served to ease fears and calm uneasiness 
both over the initial accomodation of the innovation 

and experimentation with it. The "Mr. Apple" phenomenom 
was clearly evident in many of the interactions I had 
with both teachers and students, and I feel that ac- 
ceptance of the CMI package was at least in part at- 
tributible to the teachers rapport with myself. The 
consultant, readily available and easily accessible 

was, therefore, an integral component of the implementa- 
ELON and in Many ways Vital to the continuation and 


eventtial incorporation of the innovation: 


5. The benefits and consequences of having the 


creator and implementer of an innovation be at the 
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Same time the consultant and researcher are implicit 
throughout this study. The personal committment which 
I felt towards the implementation process no doubt 

had some effect on the quality of the’ implementation 
strategy which I wanted to establish. Similarly, my 
intimate knowledge with every aspect of the CMI program 
quickly alleviated many of the unreliability problems 
which characterized the early stages of the implementa- 
tion. However, the integrity of the research role 

was in constant jeopardy because of my previous exper- 
Lencew ar tnes roller ore thet participants, emysatamiliarity 
with the program, and my role as consultant whose 
importance only diminished marginally over the course 
of the study. The benefits to be gained from such 
proximity to the research setting included a deep and 
mutual understanding between myself and the partipants 
which enhanced the data and the significance of my 
findings is due in no small measure to the many per=- 


Spectives and roles which 1 brought to Che research. 


6. The general “theme, or tone, of both the research 
study and the implementation process was one of evolution. 
Mhevaesign ot the study was moldedsby che realitysor 
the situation, Just as the CMY package was altereds hy 


demands ana needs of the participating teachers ..— ihe 


. ; oe 


a 7 mr = a - a 
: . iets ox ada diets © £ tw ete yea 


ae 


r 
7 or 
fptiw saat Tito. —_ sf a . pair vee ake it. Bae bil a af 
ue a? 
sdbeh. at) Bes" ea i ten te Porto ody Ly SwWia. aks 
ac taasnoisl aur ods. to. Wipioup. sils-no aoe ane pad 


wT GWVESeL in hy ‘derideses 6! hositaw 'f iehitie = site 

, 

meageva IMG afl+ tn soagee yeeve, APEW Sian ste aie 
4 5 


a 


enisidata Yu fi rhel io sn Wee Sd vans fos slwethe eon top 


au 


-sitemeliym) sd2 ic espsevervigia sfc hos tossnarerio ce i van 


° 
A 7 > 
Sioat PEsgesest git Ic va reeds sad , se7=euh 1104 


eas a 


json Glicirard ym }o savsaeed yYotsgost 2ua7enes ab av 


witdeltitte? -m, e584) *iectee Srl 6 Shot Shs ee 


VOD et? ASV Ifetepeen Beneiniech gine eer totad 7 


; 
does pod? beabeb ea) oc -F1Geqed ev, . bottle ote Peo 
7 +? 
une wash > Leh (rt gadséea 2ekeces ade er eobeiion ns 
' 7 


[95g zt fre, Thee we cesypied seibess rice mow Loud 1 


im to sonsoti.eple era’ Qee £305 aie Desmecdng dad 


“ts? yoam «ils of stuerRem [lame oa ni enh @t egal “ae 
Wokegess odd od dyyiniel T ely <ulor tan. sevtcoege 
ie 
ASteseet ens died to .enee to a Lizseartep ost! 
-Nerpilevs th ano. taw saesourg nbaksbsrioestigus alg a 
= i> — Fao i$ sm any vG data 7 pear dials 


a | -_ ’ 
Ne Kesigsdte im shedy ey. ou wid 3s ut» 
i : a oe 7 - 


7 - 
efit vexadnda? ehisdgiel: im. a 


: . 


Oi2 


resultant model of implementation emerged slowly 
Prom thesthoughts®ands acta ons = of+the= participants 
rather than appearing in a neat, concise, readily 
identifiable manner. This theme of evolution of 
ehangetasGingaccordewithstheet indingseor Berman 
andeMekaughtinm (9767 pp 2s 3) Pand sCommon= (297907 
pp. 17) who emphasized the significance of mutual 


adaptation as the cornerstone of implementation. 


The inevitable outcome and goal of the 
continuous implementation process is one 

of mutual adaptation. All elements are 
altered in the process. The degree of 
alteration is determined by the dynamics 
Orme voce mp rocess @( COMMON, lou opm pnw) pa 


In terms of my research study, the mutual adapta- 
tion began with the pilot project and continued through- 
out the length of the research study. The adaptation 
one Che part of the CML program was initially greater 
than that of the participating teachers. However, with 
the increasing sophistication of use, it was obvious 
that some degree of adaptation in terms of teaching 
strategies was undertaken. In extrapolating the in- 
corporation stage beyond the findings’ Of the research, 
it is conceivable that the assigning of objectives, 


grouping students and managing more effectively the 
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work and progress of the students, would ultimately 
lead to some degree of individualization. Such a 
teaching model would be indicative of a significant 
Geparture trom ithe sinitial teaching sty lesaot athe 
seven ‘teachers. Mutual adaptation was therefore an 
important dynamic for change operating within the 
context of confidence-building, establishment and 


event la eunCOL DO lcieloln 


7. The rate of, and consequently the degree of, 
implementation, was most sensitive to the reliability 
of both the hardware and the software components of the 
CMU package. Ss Unrelleabilityearttected not only the con 
fidence of the participating teachers, but also their 
MOLtvVablon tO continue and) their willingness to lex=— 
DeGiment withethe capabilitiessoret ne program...) Con 
sequently, their development in using the program 
beyond the establishment stage was somewhat retarded. 
The implications for future implementation projects 
using such complex technology are obvious, namely 
that every effort must be made to ensure that both 
the hardware, and especially the software, function 
Correctly and consistently. ineensining  suchstco 
the degree that is possible when working with tech- 


nology, the rate and degree of implementation will be 
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improved greatly. 


8. The need to establish a facilitating routine 
in order to establish some degree of confidence was 
vitally important, despite the initial conceptualizations 
which all of the participating teachers held before the 
implementation began. «This action ispineaccord with the 
mechanical use and routine identified by Hall et al. 
(1976), specifically to provide a breathing space in 
which the teacher can accomodate the innovation without 
disrupting the schedule and teaching methods presently 
tniusesint the classrooms “By *going! tolbthe annovation 
only when the need arose, the teachers were able to 
familiarize themselves with the technology and the 
program on their terms and according to their: schedule. 
It also is interesting to note that the initial concep- 
tualizations never materialized, a function of the 
principles of fainness and equality which were in- 
fluenced’ bysithe, Vimitted availabilatyeorthelcomputer, 
and the increasing awareness by the teachers of the 
far-reaching implications of the CMI program for all 


Students: of. alllmabistiiwves:. 


Ove The amplementationmstrategies: selected to 


_ 
“0 
sneseon wthtetL1iae2 © Webtteses 0: 
| i 
2h gonebitaoly a ‘gotKet aymie aif 
fsutjasnic igtdend SF SsPgeeb nannies 
si. ogged Mie cvedaced PRtsiainicas” aif Te £fa 


: ) — . ri : a - 
723) AAW BSIBocsS ol al NAGlIO6 SipZ .ispad i aiehliatii ec; Re. 


ile ae ‘iisk ve Ssitisnsbt ehiseos sae Sau recradile * 


q 


ji soaqe pnidisbuc’« sfivoid of Yiies rircesge «tare 1 
nyaivlinw Ala avoOez4A. SY Srteocorinaws ‘AED IS cee? sf? dod , 


(onset 250f%em pnatoass Se vidipdoa oy otaaell 
nsti6egoral bitl od BpAIOY Va ‘inborstteaic SxS af aay 
22 S445 S39W STSISBS2 SS | 3s2056 SSSh aha nartw ytRo: 
a 
4 * 
ana barn ver yiaadsot $93 Hliw dévrl bemads sera 
of vbewia > rade’ sP riarbietdn Eis Eetaty sheds @e fre pie q 
ms. 
~(fecdom alas. Shy, tats sitet oF) ugistessorny at sefs 27 
= at 7 


ats. te nuollisav3 6 ,/ beeifelassan aa7se zen ieeerte of 


-—(il Ssmew-doidw Yt tsiine*Oue) geésircia? Yo sala 


7 A a ks 

-Iat29e07 afd In >i tishievs Beasear? sda a. Geen 
~~ eS 7 

anf ‘vc anata ae pi leeotand we 


fife wot’ meqpong, TMD. sis te) aRoiteoalin? anit 


88 Bd0 4 sh Lie So 7 


: 
- ud Radel we 20) peachde 4 yore tees 


Le, 


Carry out a project vitally influence the innovative 
process and project outcomes (Berman & McLaughlin, 1975, 
pp. 359). The implementation strategy adopted for 

this research study was a functional literacy program 
for the students with a minimal awareness component 
about the innovation, and an inservice component for 
the teachers on the mechanics of the program and its 
capabilities. In addition, each student was monitored 
on an individual basis when they first interacted with 
the computer. The seven classes were then encouraged 
to begin the implementation as soon as it was convenient. 
Consequently, after some minor logistics problems with 
the sharing of machines, all the classrooms began im- 
plementation at approximately the same time. The role 
of the consultant during this phase was proposed as 
quickly diminishing in importance, based upon the 
assumption that very few problems would occur with 
either the hardware or the software. The net result 
was an extremely hectic and frantic period during 

which I as implementer was responsible for the smooth 
and efficient operation of seven programs, all the 
while called upon repeatedly for advice and assistance. 
I would recommend, therefore, that future implementations 


of computer technology be approached in a slow, deliberate 
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fashion with a minimum of participants so that the 
availability of the consultant is enhanced and the 


conridence-buisdming oritne articipantssyns maximized. 


The process of implementation, therefore, is a 
complex process which demands a great deal of effort, 
commitment and expertise on behalf of both participants 
and implementer. The need of the participants for 
guidance, support and encouragement must be met by a 
personal, committed, and thoroughly knowledgeable 
implementer. These essential ingredients, combined 
with time to allow the confidence of the participants 
to grow and an awareness of the capabilities of the 
program to be developed, will provide the foundation 
formeagsuccesstuly |) producti vesancorporatbionyor computer 


technology into the elementary school classroom. 
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CHAPTER SIX 
IMPLICATIONS AND CONCLUSION 


The uniqueness of a study of this type, undertaken 
in a field still in its infancy, generates far more 
questions than answers. One thing we can be sure 
O£ 1S that; as the societal push to teach children 
about computers and the expanding powers and cap- 
abilities of the computers demand that we integrate 
them into the daily routine of the classroom, so 
the researcher will) be» there also, probing and) in- 
quiring into the positive and negative effects. This 
study, as one link in a growing chain which is seeking 
answers and raising questions about the role of computers 
in education, has implications for the researcher, the 
implementer of a technological innovation, the admin- 


istrator, and the educator. 


Implementation, a complex and intricate process 
1s complieated stmli turther when a technology ssuch 
as a computer is introduced. The fear and trepidation 
felt by many teachers demands that we personalize the 
process as much as possible, make it a slow, controlled 
haghly Supportive incorporation at a Late and’ degree 


suited to the confidence, needs and wishes of the 
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individual) teachers, — Whidesthe st halo': which surrounds 
the awesome potential of the computer entices some 

tO, become) actively involved ,manyastills rejectaicutright 
any thought of working with the technology, especially 
teachers in the lower grade levels. Only by bridging 
that gap with understanding, patience, and the best 

of human qualities can we promote the growth of 
computer use throughout the range of grades. One 

means to that end which immediately comes to mind 

isia, interacy, program for-teachers or ald -Levels, 

to overcome the prejudice, and expose the promises 
andopitfhalls of computers to educatons. “Longitudinal 
research must be undertaken to examine more closely 

the cognitive and affective effects on both teachers 
and students of extended computer use, particularly 

in regards ‘to CMI, which I consider to be a key element 
ineanvaCOMmpuceraasSs1 Ss Ledannstruclionaleprograntesiiteracy 
for the teachers, therefore, must go hand in hand with 
research into the relative merits and value of the 
computer itself ingeducation;, thes componentsporremMs 
systems) alone) or) asian ,elementoofsgarCAliesystemyfor 


Femec@actOnsoOrmarid) andupracetsem purposes 


Thesdynamic statesofethesteennolegyarieildrwidd 
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Capabilities and capacities, thus increasing the 
potential for small, relatively inexpensive systems 

in the classroom. One can even now envisage an on- 
Mineyeinterachive modegoreecMi torn CAlawath full ymanages 
ment capabilities to streamline the inefficient and 
disruptive hard-copy procedures which the participants 
employed in this study. When such is the case, then 
we Cangexpect sa greatvdeal ofsrevistonstonthe, process 
of implementation as described herein. This study 
will then become the context for further research, 


and another link in the chain will have been forged. 


CONCLUSION 


The potential of computer technology to enhance 
tne daily cperation of the classroom and Tighten the 
burden of mechanical, managerial functions which teachers 
are called upon to perform, is enormous. Up to the 
present time, however, very little has been attempted, 
let alone achieved, which would support an optimistic 
OuUELOOKMiOnr the imcorporation of such ecechnology @eand 
the Matching, Of Che popularity scorn the content, witch 
an equal enthusiasm for the process impact of computers 
in education. But as was clearly evident throughout 


the course of this study, and especially so in the 
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latter stages, the rationale for the use of Computer 
Managed Instructional programs lies in the enthusiasm 
of the participating teachers. The means and methods 
to the successful implementation, however, will require 
aicareful , deliberate; personal approach which guides 


and supports as opposed to expects and demands. 


Because we find ourselves still in the formative 
stage as regards the incorporation of microcomputers 
in education, the potential for the uses of microcomputers 
is matched *by' the potentital for educators tondetermine 
the nature and direction of such uses. I am hopeful 
that this research study is in some small way indicative 


of a greater emphasis yet to come in this field. 
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APPENDIX A 


CURRICULUM OBJECTIVES 
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CMI MATHEMATICS SYSTEM OBJECTIVES 


ADDITION OBJECTIVES 
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36) SUMSSO=10 
4. oUMS 0-18 
5. THREE ADDENDS 
SeoUMSe TO 10 
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6. TWO DIGIT ADDITION 
- NO REGROUPING 
— REGROUPING POSSIBLE 
7. THREE ADDENDS (ONE AND TWO DIGITS) 
8. TWO AND THREE DIGIT ADDITION 
- NO REGROUPING 
— REGROUPING POSSIBLE 
9) LEHRER DIGIT ADDITION 


- ONE AND TWO REGROUPINGS POSSIBLE 
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CMI MATHEMATICS SYSTEM OBJECTIVES 


DUBTRACTIONZOBUECTIVES 


MINUENDS TO 6 
MINUENDS TO 10 
MINUENDS TO 18 
MISSING MINUENDS TO 10 
MISSING MINUENDS TO 18 
ONE AND TWO DIGIT SUBTRACTION 
= ONE REGROUPING POSSIBLE 
TWO DIGIT SUBTRACTION 
- NO REGROUPING 
— RE GROUPINGSPOSot ELS 


THREE DIGIT SUBTRACTION 


NO REGROUPING 


REGROUPING POSSIBLE IN ONES 


REGROUPING POSSIBLE IN TENS 


REGROUPING POSSIBLE IN ONES/TENS 
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CMI MATHEMATICS SYSTEM OBJECTIVES 


MULT PEPE LCAT PON OBIECTIVES 
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PAGTOR 0=5/ONE FACTOR 0-5 8 10 
PACTOR 6-9/ONE FACTOR 0-5 & 10 
PAGCTOR 80=9/ONE FACTOR = 0=10 
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NO REGROUPING 

REGROUPING POSSIBLE 

DEC EY Ee WORD LGIT 

MULTIPLES OF 10/NO REGROUPING 
MULTIPLES OF 10/REGROUPING 

NO REGROUPING 


REGROUPING POSSIBLE 


THREE DiIGlLT SY "Two DIGTT 


NO REGROUPING 


REGROUPING POSSIBLE 
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CMI MATHEMATICS SYSTEM OBJECTIVES 


DIVISION OBJECTIVES 

Ie 2DIViSORS 1-5) 5, 10 

2. DIVISORS 6-10 

3. DIVISORS 1-10 

4. ONE DIGIT DIVISORS AND QUOTIENTS 
- NO REMAINDERS 
- REMAINDERS POSSIBLE 

5. ONE DIGIT DIVISORS/TWO DIGIT QUOTIENTS 
- NO REMAINDERS 
- REMAINDERS POSSIBLE 

6. ONE DIGIT DIVISORS/THREE DIGIT QUOTIENTS 
- NO REMAINDERS 
- REMAINDERS POSSIBLE 

7. ONE DIGIT DIVISORS/FOUR DIGIT QUOTIENTS 
- NO REMAINDERS 
- REMAINDERS POSSIBLE 

8. TWO DIGIT DIVISORS/TWO DIGIT QUOTIENTS 
- NO REMAINDERS 
- REMAINDERS POSSIBLE 

9, TWO DIGIT DIVISORS/THREE DIGIT QUOTIENTS 
- NO REMAINDERS 


- REMAINDERS POSSIBLE 
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MANAGEMENT PROGRAMS 
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COMPUTER MANAGED INSTRUCTION MATHEMATICS SYSTEM 


A. MAIN MENU 


1. STUDENT TEST PROGRAM 


2. STUDENT MANAGEMENT PROGRAM 


3. CLASS MANAGEMENT PROGRAM 


4. PRESCRIPTION MANAGEMENT PROGRAM 


5. DISPLAY MANAGEMENT PROGRAM 


6. RECORD MANAGEMENT PROGRAM 
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STUDENT MANAGEMENT PROGRAM 


PRESCRIPTION MANAGEMENT PROGRAM 


VIEW STUDENT BIOGRAPHY 
CHANGE STUDENT BIOGRAPHY 
MAKE AN ASSIGNMENT 

VIEWS CUDENT HISTORY 


BALL 


VIEW OBJECTIVES/PRESCRIPTIONS 
VIEW AN OBJECTIVE 

- ADD A PRESCRIPTION 

- CHANGE A PRESCRIPTION 

—- DELETE A PRESCRIPTION 


Ja Ga RAR 


CLASS MANAGEMENT PROGRAM 


ADD A STUDENT 


DELETE A STUDENT 


VIEW STUDENT GROUPS 


GROUP STUDENTS 


VIEW STUDENT ASSIGNMENTS 
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DISPLAY MANAGEMENT PROGRAM 


STUDENT STATUS PROGRAM 


CLASS STATUS PROGRAM 


OBJECTIVE STATUS PROGRAM 
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INSTRUCTIONAL MANAGEMENT REPORT 
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INTERVIEW ORGANIZATIONAL MATRIX 
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